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PREFACE

This Proceedings was prepared by PEER Consultants, Inc.
Rockville, Maryland, under Contract No. DTFA01-83-R-11287. It was
administered wunder the technical direction of the Safety and
Compliance Division, Office of Airport Standards, Federal Aviation
Administration.

The technical papers contained in this Proceedings were presented
at the Wildlife Hazards to Aircraft Conference and Training Workshop,
which was held at the Sheraton Charleston Hotel, Charleston, South
Carolina from May 22 to 25, 1984.

Publication of these Proceedings does not constitute Federal
Aviation Administration approval of the findings or conclusions
presented, nor does the Federal Aviation Administration endorse or
recommend any products mentioned in the individual author's papers.
It is published for the purpose of exchange of information.
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EXECUTIVE SUMMARY

The Proceedings for the Wildlife Hazards to Aircraft Conference
and Training Workshop represents the work of 49 authors contributing
39 papers. These papers communicate to the aviation community the

-risks of sharing airspace with birds and problems with frequent use of
airport operating areas by wildlife,

General information on wildlife hazards and statistics on bird
strikes of aircraft and engines are provided. Individual papers
discuss state-of-the-art techniques for identifying and monitoring

l hazardous wildlife and how animals can be controiled on airports.

Six papers discuss bird hazard problems created by man through
conflicting land wuse practices, specifically addressing bied
attractiveness and control at solid waste disposal facilities which
are located near airports.

Bird control programs at both c¢ivil military airports are
described as case studies on how aivport bird control programs can be
established and how airport personnel are effectively utilized ia
reducing wildlife hazards to aircraft.

I Legal 1liability considerations relating to airport hazards are
discussed in reference to Federal airport development grant assurances
and Federal regulatory requirements.

The recurrent theme throughout these papers 1is aviation safety
- through understanding and controlling wildlife hazards. The Federal
l Aviation Administration's purpose in publishing the Proceedings is to
- make available information on wildlife hazards to the aviation
A community and stimulate interest and better understanding of the
ﬁﬁ hazards pilots face when sharing airspace with birds and encountering
o wildlife on airports.

-------------
......
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| g BIRDS AND AVIATION
O V.E.F. Solman
‘:- . Associate
N | Thurlow & Associates
‘:) Environmental Control Consultants (1981) Ltd.
1:( ( P.0. Box 2425, Stn. D, Ottawa, Ontario, Canada KI1P SWS

o
UlBir:d collisions have caused serious damage to aircraft and loss of human
life. Most turbine engines are more easily damaged in bird collisions than
are piston engines. The extent of damage in a bird collision increases
rapidly as speed increases.

Birds are attracted to airfields by open space, food, shelter and wafer.

The attractionc can be reduced by environmental management. Scaring devices
can drive some birds away.

Bird movement can be studied by radar and periods ot heavy concentrations

of birds in the air can be obsarved. With experience concentrations and their
movement can be predicted and avoided.}\

N /

Aircraft have collided with birds almost from the begi) ning of aviation.
The first human life lost in an accident caused by a bird occurred in 1912,
From there on at intcrvals serious damage and loss of life have occurred in
military and civil aviation. Many of the incidents were considered in isola-

tion because they did not occur frequently. There was a tendency to forget
the problem between incidents.

Canada had the same experience as other countries. The problem cane
to my attention first in the early 1940's when an aircraft in which I was
a pagsenger struck a bird and suffered damage to the leading edge of the wing.
In my work as a biologist, I was involved in reducing the likelihood of
collisions between birds and aircraft on a few occasions in the late 1940's
and early 1950's. 1In each case, the study related to a damaging incident.

With the introduction of turbine engines and higher aircraft speeds the R
concern for bird strikes became more intense. In the late 1950’s and early e
1960's the airline, airport and military officials came to the Canadian
Wild'ife Service repeatedly to ask for help in dealing with that new problem.
Initially, we did not understand the problem clearly. We asked the interested
agencies to collect statistics for us. The information we wanted was ‘how
much damage is done', 'how many birds are hit?!, 'what kinds of birds', ‘'where PN
do strikes take place', 'what time of year is most important'. The data , ..
patterns that emerged showed that bird strikes were not very frequent - of the :
order of 6 to 8 per 10,000 movements of passenger aircraft and a bit more
frequent in certain military roles. Striwes take place in a variety of loca~ T
tions, many near or -.n airports. A large number of kinds of birds are jifs..,..;m
involved, but almos:t 507 of all strikes involve gulls. The strike rate in- T Ty
creases in late summer in the northern hemisphere when both young and adult
birds are flying and some are making long distance migration flights. There

is a pattern of strikes on aircraft related to the cross sectional area of ;ff“'
the aircraft.
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By 1962, it was apparent that turbine engines were particularly wvul-
nerable because they formed a large part of the frontal area of aircraft and
because they could be damaged by foreign object ingestion. Because many
strikes occurred near the ground, they could be very dangerous, particularly

those which occurred on or just after take-off.

In Canada no single agency had enough resources to deal with the problem.
The National Research Council, at the request of the Department of Transport,
called together the Associate Committee on Bird Hazards to Aircraft to review

‘the problem, suggest solutions, and work with airport and airline authorities

to try the suggested solutions.

Knowing what kinds of birds were being hit and where the strikes were
occurring, we looked for the things on the airport and in the airport environ-
ment that birds found attractive. Airports are largz open areas. They are
attractive to many birds because the birds can easily see in all directions

‘and thereby avoid attacks by enemies. The layout of airports tends to make

them attractive to birds. Other things are often extremely important. Birds
require food, water and shelter. Often one or more of those things is present
on or near the airport.

Water is often a problem at airports located on coasts or on islands.
It may be a problem even at inland airports if they are near rivers or ponds
or lakes or even if there are drainage systems in which open water is avail-
able for use by birds.

Food can be of a wide variety. The most common is that provided by a
garbage dump located either on the airport or near it. Other sources can
be improperly-handled food wastes at catering facilities on airports. The
growth of agricultural crops attractive to birds, and insects and earthworms

may all attract birds. The grass cover of the airport may support insects
and small mammals that are food for birds.

Shelter can be brushy areas, some crops, overgrown ditch banks, forested
areas, and improperly-designed buildings.

In all rnases, we must alter the environment to reduce the number of birds
that spend tiue on or near the airport. We need to get rid of all possible

food, water and shelter from the airport itself and from the surrounding areas.

Once we knew what we had to do we had to figure out how to do it, how long it
took, and how much it cost. We found great differences among individual air~
ports. Each one had to be studied as a unit, Recommendations had to be made
about getting rid of specific kinds of food, water and shelter. Then the
airport staff had to do the work in detail. In scme cases, changes in main-
tenance and management procedures were necessary. Ln other cases, large
capital expenditures had to be made to fill in low-lying wet areas, to cut
down forests, and to rearrange drainage systems.

The most effective work was done where the airport staff understcod
clearly what the problems were and became deeply involved in designing and
implementing innovative methods of solving them. In some cases, largeacreages
of tough thorny bushes and other difficult vegetation had to be removed to
Prevent birds from nesting and hiding in them. In other cases, large wet
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areas had to be removed to prevent birds from nesting end hiding in them. e
In other cases, large wet areas had to be filled with hundreds of thousands RSN
of cubic yards of earth. Sometimes fill was available from local construction :
sites. Occasionally, it could be secured at no cost. Labour was sometimes SRR
available through funds supplemented by special grants, Special seasonal -

empioyment programs heiped at a number of airports. RS

We finighed with a sgituation where many changes were made, many airports
looked different, and the number of bird strikes and the damage they caused
were both significantly reduced. As an example, in the first period of study
“from 1959 to 1963 inclusive, Air Canada's replacement costs for parts broken
by bird strikes averaged a bit less than 1/4 of a million dollars per year.
Our studies and recommended changes began in 1963. In the next five-year
period from ‘64 to '69, Air Canada's hardware-replacement costs dropped to
a bit more than half of what it had been in the previous five-year period. o
Since that time, in spite of inflation and an expanded fleet of aircraft, e s
the hardware replacement cost has remained at a lower level. Air Canada and - @ S
other airlines still have bird strikes. Things are still being done at a e
number of Canadian airports to reduce strikes further. Some major changes
on big airports require a long time-frame before the work is completed.

Sometimes, especially at military airports, it was possible to have the S
corrective work done rather quickly. s asae

It is desirable to review frequently the things that originally attracted
birds and to maintain a situation with the lowest level of attraction possible.
Plants grow, maintenance work changes with time, and changes occur in
personnel. Not everyone is enthusiastic about keeping bird numbers down and S
birds away from runways. It is necessary frequently to go back and to review ——
what has becen done, what changes have taken place, and what needs to be done
now to keep bird attraction at a8 low level. Nothing is static, least of all
the birds themselves. Even if you do a good job of reducing bird hazards
at one time it is important to keep checking and reviewing the work at
frequent intervals. Birds have all the time in the world to explore airports S
and find ways to meke a living on them. Our job is to make sure that only ®
the smallest possible number of birds can make a living at any time. We must REhE
continue our activities to keep that number low and decreasing.

As I mentioned earlier, the airport area itself is attractive because SRR
it is open and flat, Little birds cannot see very far if they are on the PR
ground among grass 15 cm long and so they will move away. Bigger birds that ®
can see over the grass feel sater from attack by enemies and will remain.
If longer and longer grass is grown to make more and more birds feel unsafe
on the ground. other problems may be created.

One is a build up to small mammals which may be very attractive to hawks e
, and owls that eat small animals. 1f a growing season is followed by a non- .9
- growing season, tall grass may die and become a fire hazard. In our areas '
we cannot let the grass grow as long as we might like. We have to maintain
a balance between discouraging birds of certsin kinds and encouraging small
mammals which attract birds of other kinds which are also struck by aircraft. RN
We use different grass lengths on different ajirports, based on experience, SRR
to keep down the kinds of birds which cause most of the strike problems. The e
whole operation is under review continuously. The cost of mowing grass must B
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be considered in relation to the cost of bird strikes 1f the grass is not
mowed in a certain way. There are usually problems of money and manpower.
We can never do all of the things we would like to do to reduce bird use of
airports. However, we must do enough to avoid the serious incidents which S
have occurred in some countries when very large aircraft have sustained e
serious damage or have been completely destroyed as a result of bird strikes.

Even when everything possible has been done to make the airport R
unattractive to birds, some birds will come simply becsuse they are passing '
by and need a place to land. For them a reception committee is required, RS
which will go out quickly and drive them away with whatever method works ®
best. Birds on an airport constitute an emergency and should be dealt with ‘
as such., Until the birds are out of the way, no aircraft landing or taking
off is safe.

In addition to the birds that cause problems on and near airports, there -
is another whole group of problems caused by birds that may not visit air- . e
ports at all,

By that, I refer to Lirds that travel short or long distances and pass
over airports and their approaches where they can cause collisions in the
air. e

In Canada, the United States, and Northern Europe - where 1 have had
much of my experience - there are spring and fall mass migrations of birds
from south to north in the spring and from north to south in the esutumn. e ]
In Canada those migrations involve several billion birds including up to : -
100 million ducks, 8 million geese, several hundred thousand cranes and
swans, and hundreds of millions of birds smaller than ducks. Much of the
migration occurs at night, at altitudes up to 15,000 feet. Although modern
airline travel is above that altitude, each aircraft has to go up and down
through the "feather curtain” on each flight,

There are also mass movements of birds between feeding and roosting
areas which may involve thousands of birds. I know of one situation in an -
European country in which more than 15,000 gulls feed each day on a large .
city garbage dump and, in the morning and evening, fly to roosting areas up T
to 50 kilometres away. On those flights they cross through the flightways RO
2f two major airports and two smaller flying fields where they create bird ST
hazards to aircraft and have caused damage to aircraft and death to zircrews. e

'
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All of those bird movements show up well on A.T.C. radars, civil and
military. We have studied bird local movement and long distance migration
by radar. We have analyzed the radar data in relation to the physiological
conditions of the birds and the local weather patterns. In many cases, we 2
can predict when bird movement will create a serious hazard to aircraft that ®
can be svoided by changing the timing, routes, or altitudes of flights.

Our military programs have used those bird hazard forecasts to prevent
losing training aircraft for the past several years. Before using that
technique, they were losing one or two CF-104 aircraft per year on bird
strikes. Since using the forecasts and modifying the training program on a A
tew days and nights per year, they have not lost any. The same technique is -
now in uge in a number of European countries with similar success.
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 be vectored to miss the heaviest bird traffic.

.severity of the d.image considerably,
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We have also developed an electronic unit that will automatically count
bird flock echoes on a radar presentation, by quadrant per minute, and express
the result numerically. It can also do that by altitude band, if necessary.
With that equipment, which has been well-tested but is not yet in operational
use, an aircraft approaching an airfield during a heavy bird migration could

Another thechnique we use to reduce damage and improve safety during
heavy bird migration is to reduce aircraft speed. Impact damage is related
to the cube of the speed so even a small decreage in speed reduces the

When our airline pilots are told that bird density is high, they often
request, and usually receive, permission to reduce approach speed. They may
also use steeper - than normal - approach angles to reduce the time they
spend in the levels where most of the birds are moving.

I hope this presentation has given you an idea of the kinds of problems
we are dealirg with oun the airports and in the air en route. The relative
importance of the two problems depends on the kind of flying. Transport
aircraft usually have more problems at or near airports. Military training
and combat aircraft may have more problems en route because of the altitudes
and speeds at which they operate.

Whatever kind of aircraft and airports are used, there are always bird
problems that can be reduced by the techniques I have discussed.

Reduction of bird hazards to aircraft depends upon human motivatiom.
The necessary habitat control, bird dispersal, and migration hazard
forecasting, involve time consuming, rather dull work that is repeated at
prescribed intervals. Unless the work is always well done, bird-strikes on
aircraft will continue and human lives and aircraft will be lost.
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AVOIDING SERIOUS BIRD STRIKE INCIDENTS
by
Michael J. Harrison
Biologist

U.S, Federal Aviation Administration

AD-P004 178

Office of Airport Standards

Washington, D.C. 20591

\

\

\‘éird hazards to alrcraft can create serious inflight emergency conditions
if the pilot and crew are not prepared to handle the situation. As a pillot
who has experlenced two serious bird strikes that resulted in emergency land-
ings and as a blologist who has spent the last nine years working on bird
hazards to aircraft, some personal cbservations may assist other pilots in

dealing with a midair collision with birds.. C

Let's examinefgﬁme of the aspects of the bird-strike hazard, o.« Can;;f/_

T

Any bird, regardless of its size, should be considered a potential
hazard, especially when you are flying enrocute, The speed of the aircraft
dictates the force of impact - the faster you are flying, the greater the
impact forces. As speed doubles, the kinetic energy which must be dissipated
on impact increases by a factor of four., If you must descend into an area of
high bird concentrations, consider your approach speeds.

At what altitude are you safe from birds? Bird strikes have been
reported as high as 33,000 ft., and ducks and geese have been observed at and
above 20,000 feet Mean Sea Level (MSL). These altitudes are an exception

rather than the rule. Over 90% of all civil bird strikes in the U.S. occur
below 3,000 ft, above ground.

What altitude do you usually flight plan for and fly during the fall and
spring bird migrations?

The greatest risk from bird hazards occurs at the lower altitudes when
the aircraft is in airport environment. Most bird strikes occur during
takeoff and landing - the more critical phases of flight. How many times have
you nobserved flockes of birds on the airport, or worse, taken off through a
flock of birds sitting on a runway? Some pllots have tried, only to find out
too late that our feathered friends can bring down their aircraft.

TWO MAJOR RISKS

There are essentlally two major risks associated with birds - windshield
penetrations and engine ingestions. Pilots who have been killed, injured or
crashed their aircraft have been the victims of one of these two type of
strikes. Windshield penetrations generally occur on climbout or while flying
at higher speeds during cruise. Commuter or alr-taxi operators frequently
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fly at lower mltitudes where birds share the same airspace.

B typical cockpit penetration results in faclial lacerations, cuts on the .
arms and hands (pilots attempt to protect their face just prior to impact) and ° '
structural damage to the aircraft, o

Because electrical panels and circuit breakers are located behind the
pilot or copilot, electrical failures and electrical fires may occur. In air-
taxi operations, injury to passengers is also possible.

Wind blast through the hole in the windshield can make cockpit com-
munications impossible and radio communications unintelligible, The loss of
the ability to communicate can seriously compound any emergency procedure,

. It should be remembered that a spinning propeller in front of the
windshield is no protection from windsheld penetrations. In high-speed . ®
situations, pilots should consider initiating a climb to reduce speed and wind S
blast and climb above flocks of birds.

With the windshiekd missing, changes in airflow may affect alreraft
. controllability at slower speeds. Don't stall out the aircraft in the traffic )
! pattern because you falled to perform a controllability check at altitude. .‘?;'

ENGINE INGESTION

In an engine ingestion, damage can vary widely. On turbine and turboprop
engines, the moat common event is no damage or only slight damage to engine fan S
or compressor blades. Under more serious situations; however, blade damage can e
be sufficient to cause increasing engine vibrations, high exhaust gas tem- -
peratures, compressor stalls, englne fires or catastrophic failure, There was
one incident in which a rear fuselage-mounted engine on an executive jet
aircraft was ripped from its mounting following collison with a pelican.

i NS v
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Birds involved in engine ingestions frequently are flocking birds,
increasing the possibility of damage to more than one powerplant. Another
interesting occurrence is engines having their airflow choked off by bird "
remains, stopping the engine but resulting in no damage. 3;3f;:4

¢ ...

The most critical engine-ingestion scenario is a single or multipleengine )
ingestion causing power loss on takeoff. During this c¢ritical phase of ‘o
flight it is essential that the pilot properly recognizes the emergency e
situation and performs proper engine-out or crash-landing emergency proce- Sl
dures.

o Sed el T e

Many military pilots (who frequently fly high-speed, low-level missions) -
pre-brief emergency procedures, practice bird strike emsrgency scenarios in 9~”"
simulators and study their bird hazard environment before they fly., Too few S
civilian pilots recognize the seriousness of such a hazard. RS

R XN

BIRD-HAZARD CHECKLIST

Pilots are encouraged to consider the folilowing bird hazard checklist:s

AL Sl A S

. Review information in the NOTAMS and the Airpeort/Facility Directory con-
- cerning your departure and destination airports.

10
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‘Flight plan to avoid flying up or down rivers or along shorelines in the

Flight plan at an altitude higher than 3,000 ft. above ground level - the
higher the better.

Avold overflight of national wildlife refuges depicted on the sectional
charts. Many of these refuges support large numbera of birds.

fall and spring. Birds frequently follow these natural terrain features
during their migrations.

Thoroughly brief emergency procedures before departure, including proce-
dures to be followed if communications in the cockpit are lost.

During taxiing, watch for birds on the airport. If birds are observed,
request that airport management disperse them before takeoff,

Do not take off if flocks of birds are on or adjacent to the runway.

If an engine ingestion occurs on takeoff; abort if speed and remaining
runway will allcw, Tnspect the engines before attempting a second
takeoff. Several air carrier incidents have occurred when engine
fz1lures or high vibrations developed later in the flight becuase of
undetected engine damage.

If the takeoff must be continued, properly identify the affected engine
and execute appropriate emergency procedures.

If structural damage occurs or a windshield is penetrated, consider the
need for a controllability check before attempting a landing.

If a windshield failure occura, climb to slow the aircraft and reduce wind
blast as necessary.

Use sunglasses or smoke goggles to reduce the effect of wind blast, preci-
pitation or debris,

If the windshield is only cracked or delaminates, slow the aircraft and
wear sunglasses or smoke goggles to protect the eyes if the windshield
should subsequently fail.

During cruise, watch for flocks of migratory birds. Attempt to climb e
above observed flocks, ERSREN

During descent, use landing lights. While there is no concrete evidence
that birds see and avoid aircraft using landing lights, the lights do aid
the pilot in determining when he 13 penetrating through a flock of birds e
in low visibility and night conditions. ..

If flocks of birds are encountered on descent or on an instrument
approach, execute a missed approach, climb and go around to execute a
second approach., Since most flocks of birds are distributed downward in
the airspace, climbing will avoid the greatest number of birds. Birds
also will migrate in waves across a wide front. A delay in the approach
may result in clear airspace.

i
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. If high bird concentruations are encountered, slow the aircraft to minimize
impact forces,

. Upon landing, check the aircraft for any bird-atrike damage.

. Report all bird strikes on FAA Form 5200-7 (Bird Strike/Incident Report)
available through the local General Aviation District Office, Flight
Service Station or Airport District Office.

. Recognize that a h,lrd 13 a ballistic object, much like a bullet. Many
pllots never experience a bird strike, and only a third of all bird strikes
cause damage. However, awareness of the problem can aid in the proper
handling of an emergency situation.

These 20 tips are designed to prepare the pllot and crew for a bird
strike. Improved pilot awareness of potential hazards will result in a reduc-~
tion in the number of seriocus bird strikes. T encourage you to practice
engine-out procedures, especially prior to the beginning of bird migrations.

12
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DON' T FOWL OUT

By Harvey A. Shultz

Ppoplied Biology Program Manager
Northern Division,

Naval Facilities Engineering Command
Philadelphia Naval Base
Philadelphia, PA 19112

AD-P094 179

/

(This paper is the >.{}cond of a three rart series prepared for the Naval
Aviation Safety Review. )} Bird Strike Hazard Peports prepared after cecllisions
»n birds and Naval aircraft indicate that there are many measures
»le te pilots which can reduce the risk of future collisions. These
scheduiing flights around peaks of bird activity, avoiding bird
witrts, restricting cpeed at low altituces, lcokout vigilence, visor
alscipline, aircraft to aircraft and aircraft to control tower communicatien,
creflight biiefings, bird strike avoidance training, development of a Bird
Aircraft Strike Reduction Plan for each air facility, and good reporting.,\\
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o Last month we left poor Cal Rocdgers pinned under his Wright aeroplane -
- “the world's first bird-aircraft strike fatality. Calbraith Perry Rodgers was
N not your basic run-of-the mill pilot. He was a great great grardson of
. - Commodnre Perry. Socially prominent, he was a member of the NY Yacht Club and

was a former Columbia University football player. At &' 4" he was also one of
_the world's tallest aviators. In 1911 this dashing figure captured the
~ imagination of the entire nation, when he hecame the first ever to fly coast

by tc coast. Leaving Sheepshead Bay, NY on September 17th at an average air
s speed of 50 mph, his goal was tco complete the trip in 30 cays and win a
I ~ $50,000 prize offered by William Hearst. He became lost the first day,

however, wher he followed the wrong railroad tracks (the navigation system of
the days. Cn the seconu day he crashed into a tree ensuring that he wouldn't
get to California in a month. After extensive repairs he continued the trip
anyway. A subsequent landing site, which he thought was a field, turned out
to be a swamp. On another occascsion he shredded a prop nr a barbed wire fence
'I and later crashed trying to fly under some wires. Wnhen he landed in Pasadena,
et ~_ CA on November 5th to the cheers of 20,000 acdmirerers, all that remained of
his original aircraft was the vertical rudder and the dripping pan!

On April 3 1912, a gull became entangled in his external controls while he
) executed an acrobatic manuever 100 ft over Long Beach, CA. Seven thousand
i: people watched in horror as he plunged to the edge of the surf,

if It seems ironic that this well bred, well educated national hero who had
ol survived so many crashes would meet his erd due to a bird strike.

. Cal Rodgers had no way of learning about bird strikes from others - he was
Ii the pioneer when it came to fatal bird strikes, but we can try to learn
something from his probable mistakes which may have included:

- inadequate tird avoidance training

- inadequate bird lookout vigilence

- failure to consider habits of local birds

.! Cal Rodgers not only had inadequate bird avoidance training, he didn't

L have much training of any kinc¢. In fact, he had only been flying for three
o months when he departed on his cross country trip!

Furthermore, it is difficult to imagine that anybody attempting a "Texas
Tommy" in a primative airplane at low altitude over a beach had any spare time
to look for birds. Rodger's lookout vigilence probarbly was nil.

Unfortunately, these sorts of errors are still being made. In additional
to lives, the stakes ir ‘olved in Naval hird aircraft strikes also include
aircraft costing millions of dollars, ard important defense missions, But
there are positive steps each pilot can and should take to minimize the risk
of colliding with a bird and that's what this article is about.

The pilots report and the Commanding Officers comments found in General
Use Naval Aviation Bird Strike Hazard Reports, Limited Use Naval Aircraft
Mishap Investigation Reports speak eloguently on the subject of how not to hit
a bird. So lets allow their thoughts to reinforce the main points. (All
quotations below are extracted from recent reports.) T




Rlmost everyone has heard the world's biggest lie - the check is in the
mail. The world's second biggest lie (known cnly to a few Naval aviators and
found only on Bird Strike Hazard Reports) is "corrective action is beyond the
originator's capability." Sadly this defeatist attituce can become a2

... self-fulfilling prophecy. And what could the author have meant by, "Due to
infrequency of reported bird strikes...corrective action is not deemed
necessary at this time?" Of course corrective action is possible and
necessary. At risk are missions, lives and aircraft. The hazard keeps

_increasing too, as larger, faster aircraft (and more of them) fill the skies.
It 1s foolhardy to be lulled into complacency because strikes at a particular
location have been infrequent or minor. The stakes are too great. Prevention
of bird-aircraft collisions, like baseball, is a "game of inches." A six inch
difference in the point of impact may be the difference between a dead bird
and a dead pilot. And keep in mincd that one-third of all military strikes
involve engines. (Any time a bird enters an engine a catastrophe can occur.)
Said one hazard reporter, "had the bird impacted some cther portion of the
aircraft and not caused injury to the PAC, the incident would not have been a
mishap." Thet's like saying - if my Great Aunt Edna had had wheels she would
have been a Chevrolet. And if that loon had been a few inches to the left

R maybe it wouldn't have killed the co-pilot of a private jet near Cincimatti in

- 1983, And if that goose had been a few inches lower maybe the pilot of that

5 Republic Airlinmes flight wouldn't have lost an eye. And if those gulls were a

o few inches higher in September 1981 in Cleveland maybe the Commander of the

i Thunderbird Demonstration Team would be alive today. Lets keep the word "if"

i out of our bird-aircraft strike hazard vocabulary. Corrective action not

deemed necessary indeed!
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i There are many, many positive steps that air crews and air traffic
controllers can take to minimize the risk of a bird strike. There are no
magic wands or ray guns available and the problem will rever be elimipated.
But the odds of incurring a mishap can be reduced by following a few general
guidelines.

II For years researchers have heen looking for aircraft-mounted devices that
i will repell birds, but the pickings have been slim,

The use of wingtip-mounted strobelights reduced bird strikes marginally in

a study done at the Swiss Ornithological Station. In theory the more

B unnatural an aircraft looks, the more likely birds will notice it early and

;1 try to get out of the way. If ore believes that lights can't hurt anything,

~ then the idea is tc play the odds and have them on night and day when

S operating under 10,000 feet. The most successful, proven bird strike

reduction methods de not rely on technology, however, but rather on command
emphasis, training, good airmanship, and resolve.

Since most birds are found at low altitude, pilots have the law of
averages on their side by doing two things (when the mission pemits)

:{: 1. Mininmize flying below 6,000 feet AGL

e 2. Avoid bird habitats such as marshes and farms when low altitude flying
'y is necessary
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But strikes occur at higher altitudes also. In the words of one OINC
after an A~6E cruising to NAS, Cubi Point, RP struck a bird on 15 Dec '83,
"Bird strikes continue to plague naval aviation even at altitudes where one
might not expect them. Constant vigilance combined with professional
airmanship is the only sure way to minimize the mishap potential."

Nobody ever said it was easy to fly an airplane and watch for birds at the
same time. In between the mission, the piloting and the office work (reading
maps, checking instruments, keeping records), there isn't a lot of time left
for tird-watching. Military missions which require night flying, bad weather
flying, wing flying and high speed flying and combinations thereof don't make
it any easier. Compounding the protlem is the fact that most strikes happen

during take-off and landing when there is least opportunity for bird watching.

The Commanding Officer's comments after a CH-520 hit a bird during a
9 January 1984 troop lift near Camp Pendleton, CA sums this thinking up very
succinctly. "Birds will continue to be a hazara to the helicopter pilot. All
aircrew members must ke constantly aware of this problem and keep 2 good
lookout dectrine. Nothing can replace the value of several sets of eyes
constantly looking for hazards."

Stated another way after an A-& experienced a strike on 5 Decemter 1983
enroute to MCAS Cherry Point, NC, "“Our best and only defense against the
constant potential of bird strikes 1is awareness of the possibility,
professional preflight briefs of hazards and emergency procedures, and good
heads up flying."

Now let's talk about some avoidance and evasion techniques that can save
your life. An obvious step to consider when flying near concentrations of
birds is to slow down. At speecs below 250 KIAS, chances of seeing and
avoiding birds increase. So when speed is not mission essential, throttle
down, and give yourself and the birds some extra time to react. (The birds
don't want to be involved in a strike either.) And remember, the force of
impact is proportional to the square of tne speed of the aircraft. At
supersonic speeds a duck ncy do as much damage as a cannon round. By slowing
down, the impact force is reduced if a strike deoes occur. This thinking
applies also to taxl speeds.

Another prudent avoidance strategy is to limit formaticn flying when bird
activity is greatest. Wing and interval takeoffs sometimes lead to wingmen
hitting birds scared up by the lead. This is a dangerous time for the wingman
to encounter birds since he is concentrating on the lead aircraft and little
else. When birds make a sudden appearance during a takeoff roll it is up to
the leader to warn the wing. When bird activity is heaviest it may be safer
to depart in trail,

Another important technique is to keep sighted bircs in sight. To allow
birds to slip into a blind spot is to court disaster. For example, on a
UH-IN, the co-pilot's doorpost, the door and wincdow frames, the windscreen and
greenhouse frame, and the windshield wiper motor join together in the upper
left quadrant of the copilot's field of view to create a 113 sqg. inch
trapezoidal blind spot. This blind spet located twelve to seventeen inches
from the copilot hides an area (given a 125 knot closure rate with an object
three seconds from the aircratt) larger than six footbtall fields. Very large
birds could easily "hide" in such an area.
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If there ave a few seconds to attempt an avoidance manuever, and you're
not sure which way to turn, just remember that old song, "Clear the Loon" and
climb. Why? Because most birds are "programmec" to dive when they are trying

to avoid collisions.

Some btird avoidance strategies seem so obvious they may not seem worth
discussing. But some of the most obvious never seem to show up on hazard or
mishap reports. For example, what should a pilot do if he spots a bird 1000

~“dead ahead while cruising at 250 KIAS and no safe avoidance measure is
possivle with the aircraft being flown? If contrel can be maintained, the

answer is duck® This scenario provides 3 whole seconds to do something.

‘Ducking under the windscreen may not seem too macho, but it sure beats

decapitation (or loss of eyesight).

Visor discipline won't decrease the rate of bird stikes but it will
minimize the consequences. According to one study 20% of all strikes involve
canopies. (Seven percent are shattered.)

If you thirk the hazard is exaggerated, ask Icaho Air Natiomal Guard
pilot, Greg Engelbreit. In April 1982, while flying his RF-4C Phantom 17T
fighter at low altitude slightly below the speed of sounc, he smashed into 25
1b. whistling swan. The left panel of the windshield desintegrated.
Plexiglass ricochetted around the cockpit like shrapnel, carving up everythino
in sight including parachutes. Engelbreit was knocked unconscious, his left
arm shattered. The navigator (a non pilot) somehow landed the aircraft after
Engelbreit revived just long enough to lower the landing gear, flaps and tail
hook. Several hours of surgery and transfusions were required
to pull him through. He may never have full use of his arm, but his life was
saved by his visor.

These kinds of occurences are by no means rare in Naval aviation. On 20
March '82, while transitioning to a landing configuration into MCAS Beaufort,
SC, a T-2C struck ore of twenty birds crossing its flight path. The bird
penetrated the canopy above the pilots head and continued to the bulkhead
behind the rear cockpit ejection seat. The pilet in command ceclared an
emergency and made an immediate uneventfull landing. Said the Commanding
Officer, "A proper down and locked visor precluded serious, facial/eye injury
to the student in the rear seat."

On 30 November '82 a UH-IN enroute to MCAS Cherry Point, NC took an 8 1b
loon through the left windscreen. The pilot in command stabilized the
alrcraft at 400 feet and declared an emergency and landed safely. Uncle Sam
had to dish out only $529 for repairs, but the pilot was injured and and an
additional cost of $25,000 in lost workdays was incurred.

On 12 October '83, the IP of a T-34C entering a landing pattern at NAS
Whiting Field, Milton, FL was struck in the neck by a chicken hawk. A similar
strike there six weeks earlier resulted in both pilots being temporarily

knocked out. Fortunately, both of these dangerous incidents had happy endings.

Visor discipline is important; it saves lives, eyes and aircraft. If ever
tempted to leave a visor up just remember these words: a bird in your face is
a major disgrace.
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Another method of reducing bird stikes is to emphasize the subject during
pre-flight briefings. When blood and feathers were found inside a main wheel
well of an A-7E at NAS Cecil Field, FL durino a preflight inspection on 5 Dec
'83, the Commanding Officer was motivated to comment as follows:

"Episodes of this nature serve as a constant reminder that bird strikes
are a possibility in every phase of flight. Pilots/aircrew need to
continually brief their actions should a bird strike occur. Bird strike
emergency procedures always receive attentior during low level flight briefing
while...often neglected during briefings on take offs and landings.
Ironically, the majority of reported bird strike incidents have occured in
airport traffic areas. Although it is impossible to eliminate these incidents
we can take precautions to minimize their effects; i.e., know your procedures,
be prepared, anticipate it happening in any phase of flight."

Heed this good advise. B8ird strike hazards should he treated like weather
during  briefings. Just as missions have to be adjusted for weather
conditions, they may have to te modified to avoid bird migrations and other
concentrations of birds.

17 bird density is too high, pilots should be btriefed to change runways or
even fields. The checklist sliould always include potential problems, evasive
actions, engine failure procedures and visor discipline.

On 16 January '84, a CH=-53D collided with a gull while landing at MCAS New
River, NC. The crew was fortunate. The gull remains only got as far as the
port nose, gearbox 0il cooler and the port engine air particle separator,
Undoubtably the crew will continue to take seriously the bird strike awareness
training provided during the OPEVAL period.

Said one Commanding Officer, after ar A-& hit some birds during a 6
January '84 air to ground bombing run at MCAS Cherry Point, NC, "Bird strike
frequency continues to be high even though the intense migration pericd has
ended. Smaller non-migrating birds have continued to be a bird strike
problem... This hazard should be included in all preflight briefs."

Just as preflight briefings prepare pilots for the "big picture" on bird
activity, on-going communication on the subject provides constant update on
local conditions. Pilots must talk to each other and to the control tower.
The control tower must provide immecdiate information regarding the movements
of birds.

On the night of 1} February '81, a flock of gulls flew into the path of
Otis 10, a KC-120F making a visual approach landing at MCAS New River,
Jacksonville, NC. Multiple strikes were taken on all four prcpellers, on the
lower left portion of the windscreen, or. the vertical stabilizer approximately
mid way up, on the leading edge of both wings; anc on the starboard refueling
pod. The remains of &7 birds were found on or abcut the runway! The
corrective action in the hazard report read as follows: "It is recommended
that pilots reguest a report or. t5ird activity when cperating in areas where a
high degree of bird activity might te expected, for example, coastal regions.
It is recommended that the reporting of observed bird activity by pilots be
vigorously pursued. Otis 10 was not cautioned of any bird activty. There had
been noticed bird activity approximately one hour prior to the arrival of Otis
10."
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One-thousand birds took to the air as four TA-4's landed at NAF El Centro,
CA on 15 Nov '83. The next alrcraft to land, an F/A-18A struck six birds.

Could increased awareness and/or in-flight communication have prevented this
strike?

B Another potentially avoidable strike occurred on 23 September '82 when an
‘F-4S flying a full maintenance check at MCAS Beaufort, SC, hit a bird during
takeoff climb. The reporter remarked that "At the time of the strike multiple
aircrafts were in the touch and go pattern with no reported bird activity."

Transient crews have a special neec for local knowledge. When an SH-3D
hit a bird during a touch and go at NAS Jacksonville on 8 December '83, the
Commanding Officer said, "“The hazards of bird strikes will remain with us.
Communication flow between pilots and controllers concerning local bird
activity continues to be the hest method of transmitting knowledge of a known
hazard and avoiding active bird concentrations.”

Crews should not be shy either, By reguesting information on bird
activity they remind air traffic controllers to lock for birds. On 21
November '83 an 0V-10D aborted a takeoff after rolling through 15 gulls at
MCAS New River, NC (two dead gulls were found). The Commanding Officer
emphasized"...the necessity to cuery air traffic controllers about bhird
activity in the local operating area."

The role of the tower in alerting aircraft of hazards cannot be
over-emphasized. In many cases published warnings are necessary. On 1
October '82 a P-3 killed at least 21 birds 10-15 seconds after lifteff from
MAF Misawa, Japan. A three engine landing at 114,000 lbs was made after an
emergency declaration, fuel dump ard burndown. A NOTAM warning was issued.

On 18 January '84 an A-4F hit one of 30-40 black ibises at 600 ft. AGL,
and 230 KIAS during practice bombing. A six inch hole in the radome and 12-14
nicked compressor blades resulted. The recommended corrective action
included,"...NAS Fallon include the following in remarks section of IFR
supplement: "Caution - light to heavy bird activity vicinity airfield., All
aircraft use landing or taxi lights while in the airport traffic area."

The key is teamwork; on-going two way multi-media communication flow will

reduce bird-aircraft strikes. Silence is deadly, not golden, whon it comes to
communications on bird activity.

A classic principle of war is to know your enemy. This is not to say that
Navy pilots should become ornithologists, but rather that a basic knowledge of
bird behavior - especially migrations, roosting tendencies, and daily feeding
patterns can help in reducing strikes. This knowledge can be acquired by
sharing information and by observation. Seasonal bird migrations are a well

studied phenomenon. Altitudes, flighways, speeds, rates and densities are

l'nown., Consult the P.I.F. for VR/IR routes with high densities of bird
migration.

On 24 January '84 an E-2C hit a bird during a multiple touch ancd go at NAS
Norfolk, VA. Feathers and remains were removed from the starboard nil cooler
duct, the engine air inlet and the forward prop spinner assembley, which
luckily were replaced at a cost of only $45.30 and a half a manhour.




In his comments the Commanding Officer noted that, "as long as birds anrd
Naval aviators continue to vie for the same airspace the chances of collision
are ever present,.,." The suggested corrective action was as follows:

- "Awareness of. nesting communities and large concentrations of migratory birds
o should allow a Naval aviator to avoid the area if possible."

-a Sometimes the critter whose habits must be understood isn't even a bird.
oo At NAS, Cubi Point, Republic of the Phillipines, an A-7€ roaring through the
ll night on 5 May '82 during night bombing practice encountered an all too common

problem at that location. It was only won postflight download of an
unexpended MK76 that the remains of a large bat (28 inch wingspan) were
discovered. The MK76 was on the centerline aft of an MER lncated on ctation
2. The explosive charge was not actuated despite a direct hit of the bat's
body with its wings extending aft, enveloping the entire bomb. The aircraft
suffered no damage. The bat strike probably orcured during a GCA approach or
during aircraft climbout after takeoff.

In his comments the Commanding Officer stated, "“Command has taken measures
to avoid flight during the hours of peak bat flying." That is almost an
understatement because Cubi Point provides almost a texthook review of many of
the points presented thus far. Lets let the Bat Strike Hazard Report dated
Jan '84 [prepared after a momentary torch and 3 engine landing by a P-3B
(MOB)] do the talking:

———
’

"Postflight inspection revealed remains of a fruit rat in the number four
engine air intake against the inlet guide vanes. Subsequent required
maintenance on engine revealed no damage...Heavy fruit bat migratiom occurs in
the immediate vicinity of Cubi Point just prior to the rainy season. Bat
activity is heaviest at dusk when large groups fly through the airport traffic
area to their nighttime feeding grounds. Cubi tower routinely advises
aircraft of any known bat activity taking place in the area. Additionally
aircrews are warned of the hazard by a sign conspicuously posted in the flight
planning room and a warning in the enroute supplement. This squadron has
educated all pilots on the hazard and terminated all avoidable field work at
Cubi Point between the hours of 1800 and 1900 local until the bats have
departed the area."
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If the object of our attention was limited to just one bird we would pick
the gull. (There are actually forty-four species, each with its own

peculiarities.) The Air Force notes that 80% of all engire ingestions by
large birds involve gulls.

PR ‘
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_S When a gull was ingestec into a TA-7C engine at NAS Miramar, CA on 13 June
' '83, tentative identification of the debris was made as follows: "fishy oder
and grey and white feathers indicated the ingested bird was a seagull."

) Be aware, as the pilot of an A-#4 was at MCAS Cherry Point, NC on 15

- December '83 when he noted that, "During low ceiling and foul rainy weather,

- large amounts of seagulls are noticed inhabiting the many open fields and

P qgrassy areas nearby the airfield. Due to vicinity of the station near many
bodies of water, seagulls are a constant threat."




....................................

Discretion is the better part of valor after colliding with a bird. The
- pilot of an F-14A who hit a flock of English sparrows at NAS Miramar, CA on 3

o January '84 on his take off roll with 10,000 feet of runway remaining did the
I' correct thing - the only thing to do - he aborted. "A timely abort prevented
- . this incident from becoming a mishap." Even if everything seemed firme and the
W instrument readings were normal, he took the prudent course of action.

> There have been well documented cases of seemingly imnocous bird strikes
= causing serious problems later on. A minor dent in a wing may later lead to
I. fuel line or hydraulic failure. A minor bird strike on at least one occassion

caused a P-3 radome to disintegrate....hours later.

Sometimes the need to abort is obvious - like when a P-3C 1I rolled
through 100 gulls on 30 December 1983 at NAS, Moffett Field, CA. The take-off
was aborted when birds struck the windscreen and damaged the radome and
antennas.

The crew of an HH-46A witnessecd an "explosion of feathers" upeon takeoff
from OLF Imperial Beach, CA on 4 November 1983. Feathers were found in the
particle collector box of the numher 2 engine after a precautionary landing.

Another obvious abort situation developed when a pilot in a F-4S over NAS
Oceana, VA heard and felt a loud thump while decending through €00 feet and
150 kncts. An immediate climb with both engines in afterburner was initiated
with the port engine at 70%. An emergancy was declared. After a safe
landing, part of a mallard duck was removed from the first hinge section of
the forward camp assembly.

Sometimes the need to abort is more subtle such as when the crew of an
A-6E heard and felt a thud during a low level navigation/practice bombing
syllabus training sortie. Flying at 400 kts in night IMC conditions over the
Boardman Target in Pendleton, OR they commensed an immediate climb. With all
instrument indications normal they aborted the mission and made an uneventful
landing. Post-flight inspection indicated that a strike on the star-board
intake had FODed the engine.

The final step is for each pilot to integrate and internalize bird strike
training and briefinmgs...to prepare mentally for any eventuality. After a
TA-40 taking off from NAS Lemoore, CA struck a bird on 25 January '84, the
Commanding Officer stated that "a bird strike during the take off evolution is
one of those events over which the pilot has very little control; the options
for evasive manuevers/alternative procedures are extremely limited. However,
the procedures to be followed after the bird strike occurs can be well thought
out in advance., Bird migration and nesting in the vicinity of NAS Lemoore is
a fact of life. FEach pilot must establish and review & "what if" scenario in
order to prepare himself to face the problem."

On 2 December '83 an AV-8A ingested a bird passing 800' cn climbout cne
mile from MCAS Cherry Point, NC, The reporter noted that, "all a&ir
crews...must formulate a plan of action, both tc avoid bird activity and also

what to do .n case. Don't wait for an cmcrgency; think abeut bird strikes
now."
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* Another way to look at the cerebral aspect of bird strike prevention was
expressed after an A7E collided with either a large turkey buzzard or a black
i vulture on 1l January '84. It was during landing, on a drizzly night at NAS
' Cecil Field, FL that a loud thud followed by a bright flash was observed. The
engine was rejected to the the tune of $31,536 due to compressor camage.

The investigating board noted that, "™ishaps of this type can never be
! totally eliminated, however, the.. effects can be minimized through proper
. “briefings, bird strike awareness, and expecting the unexpected in every phase
of flight."

There are times when all of the bird strike avoidance techniques descrited

are inadequate. Thats the time to ask for help. When a P-3B hit a bird on 25

October °82 at NAS Barbers Point, HI, that marked the fourth such incidert in

» less than a week., A local ornithologist was consulted and tentatively

| __ identified the problem as migratory golden plover feecing in grass areas next
to the runway.

The services of the USAF Bird Aircraft Strike Hazard (BASH) team have, on

occassion, been requested by Naval activities. BASH has been very helpful on

" several occassions, but neither their mission, staffing, nor funding permits
i routine support for the Navy.

The first place to look for help is from the cognizent field division of

the Naval Facilities Engineering Command. Your Public Works Officer has at

: his disposal, Navy civilian ap?lied biologists working out of NAVFAC

t Engineering Field Divisions (EFD's) located at Honolulu, HI; San Bruno, CA.;
l Charleston, SC.; Norfolk, VA.; and Philadelphia, PA.

When 8 collisions between P-3's and gulls occured at NAS Brunswick, ME
during an 8 week period ir 1982, an Engineering Service Request (ESR) was sent
to Northern Division, Naval Facilities Engineering Command.

h An applied biclogist met on-site with air operations personnel and the

local U.S. Fish and Wildlife Service specialist. They developed measures to
A be included in a new bird-aircraft strike reduction plan. The primary purpose
5 of the plan was to identify methods of making flightlines, taxiways, runways,
. and surrounding areas unattractive to birds, and to establish responsibilities
and coordination

! Northern Division, Naval Facilities Engineering Command is currently on
: the distribution list for Bird Strike Hazard Reports. Information is enterecd
there into a computerized bird strike data base. Cognizent EFD's are notified
when serious strikes or developing patterns are noted. Coordination has alsc
been established with the Federal Avialion Autherity (FAA) anc with Navy
natural resources personnel who are responsible for land management planning.

Don't play, "I've got a secret" with bird strikes. The first step in
getting help when it is needed to report bird strikes faithfully, completely

and accurately. And don't follow the recommended procedures just because
OPNAV says so. Because if you don't, the next thing that goes bump in the

night could be fatal.

22



R O N L S

)
o)
.
0
v
.

"ainlal

A \:'L::,L‘ﬁcé;‘;a:‘-'.‘-;7:“,‘:"".'.-".-'.\1\'._\' L T T S T N R T R R e I R R e R e« & T & " e s

Remember that old song, "Too close for comfort?" Well, there is no such
thing as a routine bird strike. Implied in each seemingly trivial occurrence
{s the realization that the difference between a mincr strike and a risaster
might have been the width of this page. It helps to be lucky, but you've got
to be good to be 1lucky. Luck occurs most often when preparation meets

-~ opportunity. So prepare now to prevent bird strikes and to react properly

when they cccur.
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ACCIDENTS AND SERIQUS INCIDENTS TO CIVIL AIRCRAFT
DUE TC BIRDSTRIKES

John Thorpe, Design Surveyor,
Civil Aviation Authority,
Safety Data & Analysis Unit,
Brabazon House, Redhill,
Surrey RH6 1SQ, Englard

ABSTRACT

—

Nu&he Paper contains detailed histories of accidents and serious
incidents e.g. double engine ingestion, holed airframe, for the years
1981 to 1983. An attachment contains a summary of all fatal accidents
due to bird strikes between 1912 and 1980. The paper is divided into
three groups;

/
-})transport aeroplanes over 5700kg (12,5001b) and executive jets
~\"Jaeroplanes below 5700k9) b

/4j)helicopters,

/

No attempt has been made to analyse the information although it
is apparent that for transport aeroplanes the critical area is engines
and for light aeroplanes and helicopters the windshield may be critical.

n

INTRODUCTION

Surprisingly the first fatal accident caused by a birdstrike was
when a Wright Flyer crashed after striking gqulls in 1912. Since then
there are known to have beer 18 fatal accidents to civil registered
aircraft and at least 34 aircraft destroyed. It is likely there are
more, as information is only accurate for about the last 20 years. Of
these fatal accidents, S involved public transport aircraft and 13 1involved
general aviation aircraft.

The number of fatal accidents to transport sized aircraft is thus

quite modest, and there have been no fatal accidents involving jet airliners.

The increased awareness of the problem, implementaticn of proper measures
at a growing number of airports around the world, and tougher airworthiness
criteria for aircraft and engines may account for this. However, there

have been some very near misses in recent years such as the Kennedy Airport
DC 10 and Belgian Boeing 737 write-offs when the occupants all escaped
from the burning aircraft. There have also been many cases of multiple
engine damage, fortunately with just sufficient power to return, or runway
length ir which to stop.

The author would welcome any new or additional information,
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Serious Incidents to Aeroplanes over 5700kg together with Executive Jets

Total Injury to

Date Adrcrafe Regn Operator Location Aboard Occupants
15.2.81 Fokker F2@ VH- - * - Derby Australia - Nil

buring take~off run struck a Nankeen night-hcron (Nycticorax caiedon:icus welght 750gm).
Take-off was abandoned after an uncontained failure ot engine 1. Compressor case holed by 2
blades, but cowling not penetrated.

25.2.81 bCl10o N- - New York JFK - Nil

During climb a flock of gulls was ingested in engine 2 & 3. There was medium damage to
engine 2 and major damage to engine 3.

25.3.81 B707(JT3D) - - Kanombe, Rwanda - Nil

During landing birds of prey were ingested in engine 1 and 2. Aircraft was imobilized by
engine damage.

29.3.81 B727 N~ - Nr New York JFK - 1 Minor
) During climb at 3,500ft geese wers atruck, inner and outer panes of first officers windshield
shattered, but bird dic not penetrate. Ficst ocficer received facial cuts Irom glass
fragments. Left wiig holed.

7.4.81 Lear 23 N400PG Private Lunken Executive 2 1 Killed
Cincinnati, USA 1 Minor

The aircraft was in & climbing turn e+ atout 400C0ft when the aircraft struck a Common Loon
(Gavia immer weight 3.7kqg). The bird penetrated the right windscreen and killed the
co-pilot. Windscreen debris damaged Jo 2 engine which had to be shutdown. The pilot's arm
was badly cut but a safe landing was made using the emergency brake ~hute and with no flaps.
The weather was good, the flight being at 11,35 local time. The pilot did not sec the bird.
The Lear 23 is of an age such that the windscreen was not requared to withstand a

bird of even dibs.

18.4.81 NAMC YS1lA N173RV Sced Pax sand Point, Alaska 39 Nil

The aircraft was on short finals when a gull struck the windshield centre post, the remains
seriousiy reducing the piiots visicn. 1ne piiot misjudged distance and aititude, the fain
gear impacted an embankment on the approach, both main gear wheels were knocked off and the
aircraft came to rest 1500ft reyond the threshcld. The damage was substantial,
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AJOOB F-BGEB Alr France Paris Orly - Nil

During the take-off rall at 110kts struck flock of wood pigeons (Columba palumbus weight
460gn) . Birds ingested in both engines damaging four fan blades on each one. Take-off
abandoned and stopped on the runway. Birds also struck wings, landing gear, fuselage and
smpennage.

[ VA% - - Johor Bahru, - Nil

~ Malaysia
‘Soth eangines were damaged during the take-off run.
B73? G-BNHG Air Burope Naples, italy - Nil

During the take-off run a flock of birds was seen to land on the runway about 100 yda ahead of
the aircraft. The birds, pigeons (Columba sp) took off just before the aircraft reached them

at about 120 kts (V) 125). Several impacts were felt s0 the take-off was successfully abandoned
using reverre thrust and brakes. Later some fusible nlucs blew. There was birastrike damage

to the nacelles, nosewheel steering cables and to both engines. Six LP compressor blad:s were
damaged in No 1 engine and 5 in No 2 engins. Both engines were chanjed.

DAOLl Mercure F-BTTG AMr Inter Ajaccio Corsica - Nil

During the climb at 3000ft 250kts the outer windshield \.as shattered after a violent bird impact.

DC10-130 N112wWA World Airways Gatwick UX - Nil

At rotation on take-off flames and smoke were seen from engine 3 and the aircraft returned with
the engine shutdown. The runway was inspectad and 80 or more pieces of engine were found,
toqgether with ssme bird remnants. The bird remains were identified as either Feral or Word
Pigeon. (Columba sp of weight 400 to SQOgmsg). The engine was seriously damaged with holed
caaing.

DCB-62 - - Thesalonika, Greece - Nil

Take-off was abandoned after striking pheasants (Phasianus colchicus weight 1.2 kg) on take-off.
There was s:vers damage to engines 2 and ). Repair cost was 145,000 US dollars.

L1011 G-BEAK British Airways Larnaca Cyprus 347 Nil
On take-off there was a loud bang at %0 kts, 80 the take-off was abandcned. Evidence of
bird ingestion in engines 1 and 3. Ground run revealed power loss on engine ). Ajrcraft

ferried to base.

o ap} ET-ABY Ethiopian Jigma - -
Airlines

Adrcraft suffered a birdstrike causing wing leading edge skin damage and five broken or cracked
ribs.

B7475P - - Wellingtor Nz - Nil

During take-off struck flock of gulls. Uncontained failure on engine 1. Aircraft diverted to
Auckland.

Fokker P28 SE-DGC Linjeflygq Rear Ornskoldsvik - Nil
Sweden
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12.9.81

24.9.81

i6.10.81

19.10.81

19.10.61

23.3.82

19.6.82

11.7.82

while flying at B0O0ft and slightly above 300 kts the aircraft struck an Osprey (Pandion
haliaetus, weight 1.5 kg). The bird penetrated the skin above the windsiineid damaging frames,
looms etc and entered the flight deck causing considerable mess.

B747 - - Delh{,India - Nil

buring approach struck vultures (Cathartidae). Engine 2 suffered uncontained failure holing
No 2 fuel tank as a result of flying debria.

B/37 - - Nagaya, Japsn - Nil

Abandoned take-off alter gulls were ingested in both engines. Blade damage was found in both l' ";*:~ f
engines. R

A3008 P~ Air Inter Parig, COrly - Nil

During approach at 150ft and 130kts struck a fiock of Stock Doves (Columba QOenas weight 350gm}.
Birds ingested in both engines.

DCB=-50 - - Makurdi, Nigeria - Nil

Bngines 1, 2 and 4 ingested birds wren the aircraft struck a flock during the take-off run.
Landing gear and 1ights alto struvk. Two engines repaired at base, once changed.

Ajocs F- Alr France Tunis - Nil . _.

struck flock of birds at 150 kts during take-off run. Both Engines, Puselage and wing struck.
Three fan blades were <Gdamaged.

B747 (JT9D-7) vT-EFJ Adir India Jeddah, Saudi Arabia - -

During the approach the al:zcraft passed through a flock of birds causing the pilot to shutdown °
No 1 engine and bring No 2 back to idle. After touchdown No 2 was shutdown due to vibration. [
Both engine nose domes and all fan blades were damaged. There were holes in the nose cowl of

No 2 engine and the tail cone was missing.

DC8-53 - - Yesilkoey, Turkey - Nil

Gulls ingested in engines 3 and 4 during landing run. Both engines changed.

‘B747 (JTID) G-AWNA British Airways Melbourne, 91 Nil -9
Australia

At about 75ft on take-off the aircraft struck s flock of birds, loud bang from engine 3 which

van 4down and was shutdown with high JPT. Engine 4 vibration warning came on so was throttled to o
i4le. Made immedjiate return, engine 4 shutdown after larding. Birds were racing pigeons "e
[Columbis 1ivia, wt 250 gm) roleased 100 miles avay and returning to Melbaurne. Kelieved 2.4
birde in engine 3 and 2-3 in No 4. The aircraft was at a very light weight. Both engines
changed.




1
|
{
!
:
1]
4
:
2
s
3

Rl
}

alsl, W

raa
Al

'

el

LI
2 B

1.9.82

'12.9.82

13.9.82

3.11.82

4.12.82

6.12.82

12.12.82

.B747°CF ) - -

"During the take

B737 G-BGDF British Airways Turin, Italy - Nil

-off 07.20 hrs the aircraft passed throuah a flock ot gulls at 50ft. Engine 2

e a vib This was shutdown

indicated a vibration waning. Air traffic reported flarmes from No 2 engine.

and the aircraft returned. Engine 2 was changed as it was severely damagea.

B707 G-BFEO Trauevinds Khartoum, Sudan - Nil

At 400ft on take-off the aircraft struck a large stork (Ciconiidae up to 3 kg). The left-nand
windscreen wae obscured by blood. The aircraft returned where it wWas found the radome had been
severely holed, with large radial crack. The ILS glideslope aerial was broken.

Luxemburg - Nil

-off engine 4 ingested birds resulting in fan and nose cowling damage after it
had been pievced by part of a fan biade. The aircraft returned.

nClo - - Entebbe, Uganda - Nil
puring the climb the aircraft encountered between 11 and 100 herors (Ardea sp, up to 1.8 kg),

which were ingested in engines 1 and 3. Engine 1 was shutdown.

B747(CF6-50) rH-BON KLM Amsterdam, 132 Nil
Netherlands

During the take-off run at 14.00 hrs GMT on runway 19L at about 1/3 of the runway at 135 kts

the aircraft struck a flock of 100 Lapwings (Venellus vanellus, weight 250 gm) suffering

multiple engine damage. The take-off was abandoned stopping with 800 metres left. The

passengers desembarked via stairs at the end of the runway. Engine 1 beyond economic repair

and changed, engine 2 had nine fan blades and some fan exit vanes changed, engine 3 had little

damage and engine 4 had one fan blade changed. Wing trailing edge flaps also damaged.

About 75 dead birds were found on the runway. Bird patrols were in continuocus use.

Lear 135 HB=VFO Pravate Paris LBG - 1 Serious

At about £.30 local thes aircraft abandoned take-off after V] as a result of striking a flock
of black headed gulls {(Larus ridibundus). The aircraft failed to stop and over-ran striking
the ILS installation, seriously injuring the co-pilot. The alrcraft was destroyed. The
engines were not in fact demaged and there was one birdstrike on the wing.

B7)? G-AVRN Britannis Manchester, UK - .. N
During the take-oft at about 140 kts the aircraft struck a flock of lapwings, which were

ingested in both engines. The aircraft returned. Engine 1 was changed, there was no damage
to engine 2.
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DMC-? LX-AHA Arika bov Airport - Nil
Tel Aviv

During a night take-off the aircraft struck flock of qulls, which rose off the runway at
rotation (B5kts). Vision completely lost through left windscreen and partially lost through

the right. No power was lost. After climbing to 1500ft, gear and flaps left down, the aircraft
""returned. Over 60 strikes were courted on the aircraft and S00 to 1000 dead birdsc were found.

The prop spinner was damaged beyond repair, two others damaged. No 2 de-icer boot dameged.

Bird remains found in all engine intakes, but no engines werc dauaged. Wing de-icer boots damaged.
One VOR & one ADF aeriai damged. Birds ingested in air conditioning system. Nose gear taxy

light smashed. One over-centre spring cable on main gear was knocked off it's pulley. Crew

praised aircraft's ability to cope with such a large flock with so little degradation of performance.
DC10 (CF6-50) LN-RKA SAS Copenhagen, Cenmark 160 7 Minror

During the take-off run a flock of qulls was struck as the aircraft rotated at 165 kts. An immediate
return was nade because of vibration and severe damage to engine 3. Overweight landing by 44 tons,
necessitated 10 wheels changed. Emergency evacuation caused minor injuries to seven people.

Engine 3 fan, nose cowl and pylon internal structure damaged. On bird passed through engine 1 fan.

Runway was wet, fuel jettison and reverse tiirust not used due to fire risk as ATC reported engine
on fire.

A3008B F- Air France Bordeaux, France - Nil

At rotation speed on take-off the aircraft passed through a flock of birds, which were ingected
in both engines. Take-off was abandoned act a speed almost equal to V2. The aircraft was
successfully atopped. on the runway. Both engines were changed. At least one bird had entered
each engine.

B737 G-BHVG Orion Bristol, Lulsgate, UK - Nil

At 50ft and 130 kts during approach struck flock of pigeons and gulls. Teleflex cable from landing
gear was damaged resulting in loss of ground/air sensor and associated systems.

-

8747 JT9D-7Q - . China Airlines Anchorage, Alaska - Nil

During a down take-off ducks (Anas sp, weight up to 1.5 kg) were ingested in engines 1 and 2.
The take-off was abandoned at 80 kts. Two fan blades on engine 2 exited the front engine cowl
causing Jamage to the wing leading edge devices. Engine 1 overtemperatured during reverse thrust

due to core damage, but no fan damage. Birds were flying low across the runway, probably on
migration.

V134 - Aeroflot Krasnodar, USSR - Nil

Struck flock of crows (Corvus sp weight up to'SSOq) on take-off, right-hand engine failed and
fuel pump knocked off. Climb rate reduced to 200 ft/min and aircraft made immediate return.

8707 CE-TBA Adr Portugal Birmingham, UK - Nil

Take-off was abandoned at 100 kts because of multiple bird strkes and small logs of power on
engine 2. No damage found but birds struck engines 1, 2, 3.

DCio 00~ - Ostend, Belgium - uil

During training touch and go large flock of birds were seen on the runway after takc-off
power kad been selected. Aircraft returned to Brussels. Inspection revealed damage to engine

fan with one blade separated, cowling holed and cabin window damaged. Engine 3 had signs
of ingestion but n> damage.

8737 G-BGYK Britannia Glagow, UK - Nil

At S0ft, 133 kte during landing round-out large flock of lapwings rose from the runway. Both

engines, the wing, fuselage and landing gear were struck. Engine 2 was changed due to blade
damage.

B747 (J19D) G-AWNE BA Huscat, Uman ¥y} Nil
At about 150 kts on the take-off run a small thump was felt and engine 2 Nl rpm started to
fluctuate, with vibration felt and indicated. The engine was shutdown. After fue)l was

jetisoned the aircraft diverted to a convenient maintenance facility. Engine 2 fan blades
damaged, nose cowl torn and accoustic lining holed. Engine changed.
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Serious

Incidents to Aeroplanes of 5700kg and Below

Date

25.4.81

--18.7.81

6.8.81

-.1.82

2.2.82

10.2.62

J..4.82

Total
Alrcraft Regn Location Aboard Injury Damage
cle2 C-FTKQ Near Cooking Lake - Minor Substantial :
Alberta, Canada -
Aircrafr struck a duck (Anas sp) which jammed in carburettor intake causing luss of power. -,
Aircraft forced landed 1nto trees. "
C152 G-BIOM Near Lerwick, UK 1 Minor -

While descending through 1000 ft at about 90 kts the aircraft struck a gull breaking the
windscreen. The pilot suffered a cut nose.

Cessna 402 SY-ATU Near Musiars, Kenya 1 1 killed Destroyed
Suffered birdstrike with a Ruppell's Griffor (Gyps rueppellii weight 7.5 kqg) which penetrated
the windscreen killing the pilet instantly. The pilot, the sole occupant was Killed and

the aircraft destroyed.

Microlight G- Nr Bolton, England - Nil -

A flock of gulls were encountered and the engine exhaust was knocked off (falling near a
house and going 3" deep 1nto the frozen ground}. The pilot glided to a safe landing.

Beech 200 E1~ Nr Nairobi, Kenya - - Substantial
While on final approach the pilot attempted to avoid u large flock of birds, but shortly
afterwards the pilot felt a large thump at the back end of the aircraft and it pitched up.
Ater recovering a normal landing was made. The bird, a Marabou Stork (Leptoptilos
Cruoeniferus weight up to 7 kg) strutk the £in lead:ng edge, crutshing the whole €in leading
edge back to the front spar. The fin attachment was not damaged.

€404 Maya Maya, Congo - 1 minor -
bDuring approach the aircrafi struck bats (Chiroptera) smashing the windscreen and slightly
{injuring the pilots face,

Cessna 172

F- Sarre Union, -

France

Nil -

Just before touchdown the pilot noticed two buzzards (Buteo sp) on the feginning of the rurnway
80 the pilot overshot and made a circuit. On his second approach both birds were in the air
and the pilot took evasive action to miss one of them. The aircraft landed tno fast, bounced

and the landing gear and propeller were damaged. The bird damaged the left-hand wing leading
edge.

anasa a



a & ..

R SRR LR Y. AT S A NN

1 - PN

)
‘
L]
<
"
4
.‘:
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26.7.82
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31.10.8:¢

16.1.83

6.5.83

24.5.83

Piper PA2)] G-AYWF Amsterdam, Netherlands Nil -

While making a night landing a thump was felt as the aircraft descended through 15Cft., A
Grey heron (Ardea cinerea, weight 1.8kg) had damaged struck the wing leading edge damaginrg
ribs, stringers and holing the skin.

[N %3

Piper PA23 VH- - En route Australia - Minor -

An eagle penetrated the windshield, causing a deep cut to the pilots hecad and cuts to his hang.
The aircraft was landed satisfactorily. :

Wasmer Guepard F-BXCA Limoge, france 1 1 Serious -

While descending through 1800ft at 140kts the aircraft struck an Osprey (Pandion haliactus -
weight 1.9 kg)}. The windscreen was shattered and the pilot's head and face badly cut.

4

Piper PA24 - Bensbach, Papua - Nil
New Guinea

The right-hand windshield was broken by a cockatoo (weight up to 900gm).
Cessna 152 G-BFXG Middle wallop, UK 1 Nil Substant:ial

Loud bang at lift-off as the aircrait struck a bird. The pilct cecided to re-land duriny whroh
the nose wheel collapsed. Dead bird, probably lapwing found on the Jrass rurway.

Piper PA23 G-ASMN white Waltham, UK - Nil -
Aztec

Just after lift-off the aircraft struck a pigeon. The wing leading edqe was Dadiy damayed and
Yull rudder was required during landing.

Partenavia Péa SY-BDC Keekorok, Kenya - ' Nil -

During climbing turn at 400ft after rake-off a Bataleur Eagle (Terathcpius - weight .7 k9
gtzuck the left-hand stabiiator. There was severe leading edge gamage but no adverse contool
effects.
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Serious Incidents to Helidopters

£

2.3.81

3.6.81

2.1.82

24.2.82

13.4.82

15.7.82

16.7.82

1.7.82

..-.082

1.9.83

-.11.81

Total
Alrcraft Regn Location Aboard Injury Damage
Bell 206 cr- Vancouver State 4 Pour Destroyed
Canada Killed

The helicopter went miasing on a low altitude sheep count and was not found till Jun 8.
When found at least one raven (Corvus corax, weight 1.2 kg) had struck the plexiglass
front windscreen and probably entered the cockpit area. The helicopter crashed as a
regult, killing all 4 on board.

Bell 47 G~ Redhill, UK - - Minor
While in the hover the rot- damaged when a crow (Corvus sp weight S50 gm) flew into it.
Bell 206 G-P .les from Kelso - - Minor

8. .land

While cruising at 600 ft at Y0 kts the p.lot felt a slight yaw and simultaneous severe
vibration. He ghut down th¢ engine and made an autorotative landing in a field. The
tail rotor had been struck by a bird (leaving three small feathers) bending the leading
edge of a blade out of alignment, and resulting in tail rotor drive shaft damage.

SA34) Garzelle P-GAMK Marseilles, Prance - Minor -

While flying at 200 ft and 100 kts the aircraft struck a gull ‘smashing the window in the door
causing minor injury to the passengers.

SA J4. Gagelle G- New Seaton, UX - - Minor

At 1800 ft, 125 kts a jull was seen to pass over the rotor, no impact was heard or felt.
On landing the stabilizer "fibreglass™ fin skin was found to be cracked and had to be renewed.

AS 332 Tiger G-T1GG Nr Montelimar, France - Nl Hinor

While en-route at 145 kts, 2000 ft the aircraft struck an eagle, holing the radome and jamming
the radar scanner.

SAJ19 Allouette ) O France - Minor -

While flying at 1500ft and 200 kts a martin (Riparia weight 14 gm) penetrated the windshield
injuring the palot.

8A318 Allouette F- Lyon Satolas, Prance - nil -

While approaching to land at 500 £t and 6 kts the windshield was penetrated by a atarling
(sturnus vulgaxis weight 80 gm). .

Bell 206 N- Detroit, U.S.A. - Minor -

A Mallard Duck weighing S1bs broke the windscreen knocking the pilot unconscious and breaking
his nose. The helicopter was on autopilot (fitted at pilot's request) and the pilot came to
at 700 ft and 110 kts ovar Detroit.

SAJ16 Alouette P-BYCS Montpelier, France - 1 Minor -

Approaching the aircraft at 150 ft and 65 kts the helicopter cnllided with a gull weighing
1.2 kg and 4 ft wingspan. The windscreen was shattered, the remaing striking the pilot,
who retained control and landed safely, in spite of cuts on his hands,

Bell 206 - Sandakan, Borneo - Nil Minor

Large bird of pouy attached tha helicopter, the pilot managed to douyse the birds first Lttempt
but when the pilot looked up the eagle was again diving with wings folded. At the last second
the bird must have realised there was something odd about its "prey”, as it spread its wings
and attespted to torn away. The wing smashed  the nose bubble and the body holed the ‘honeycombe
belly structure. Bird was Brahming Kita (Haliastur indus, weignt: 520 qm)




Attachment A
BIRDSTRIKES 1912 to 1980

Fatal Accidents and Destroved Aircraft over 5700kg (125001b) iogether with Executive Jets

Date Aircraft focation Occupants Deaths Othor
h.10.60 1188 Elecira Boston, USA 72 62 9 serious injuries

Starling (Sternus vulgaris weight 85 gm) flock ingeated into 3 engines, aircraft
stealled and crashed.

15.7.62 DC3 Lahore, W Pakiatan 2 1 - aliils
®
Co pilot killed when vulture (Falconiformes) penetrated windscreen during cruise. S
23.11.62  viscount Haryland, USA 17 17 - ’f-"l-if
At 6000ft vhistling swan (Cygnus columbianue weight 8 kg) struck and removed left
tailplene, aircraft crashed. T
28.7.68 Jet Falcon Lake Erie, USA 3 Nil Aircraft ditched e
. ™
Gulls (larus spp) ingested into both engines on take-off caueing severe damage, ditched in S
lake. ST e
23.7.69  DC3 Nr Djibouti, E Africa 4 Nid Adrcraft desticyed .l

Cranss (Grus sp weight up to S kg) dlocked cart intakes on both engines, ditched in sea. Tl
26.3.73 Lear 2b Atlanta, USA ? ? 1 third party —et
. serious injury
Cowbirds (Molothrus ater weight 45 gm) caused demage on take-off and severs power loss
on both engines. Aircraft crashed into buildings.
12.12.7% Falcon 20 Norwich, UK 9 Nid

Gulls® caused severe damage to both engines on take-off, crash landed.
14.6.75 NA265 Sabreliner Watertown, USA 6 Nid 3 merious injuries

Frankiin's gulls (larus pipixcan weight 260 gm) ingested in both engines on take-off,
crash landed.

12.11.75 DC10 Kennedy NY, USA 139 Nil 2 serious injuries

culle* ingested in Eng 3 which exploded, causing severe wing fire, abandoned take-off,
aircraft burnt out.

20.11.75 RS125 °  [unsfold, UK 8 - 6 third party deaths M“.

Lepvinga (Vannellus vanellus weight 300 gu) ingeated inm both engines on take-off,
power losa, crash landed destroying car.

6.2.76 lear 24 Bari, Italy 2 Nil Adrcraft Deatroyed

Gulls ingested in both engines, power lost and crashed in field.

12.11.76 Falcon 20 Naples, Florida USA 1 Nil 11 sericus injuries
Ring-billed rulls (larus delawarensis weight 485 gm) caused both engines to fail just
after lift-off, causing aircraft to crash.

4.b.78 Boeing 727 Gosselies, Belgium 3 Ml Aircraft Deatroyed

Wood pigeon (Columba palumbus weight 450 gm) ingested during touch and go, abandoned
take-off acd over-ran. Burnt out.

25.7.78 Convair 580 Kalamazoo, USA b3 Nil 3 merious injuries e

Sparrov havk (Falco sparverius weight 120 gu) ingested in one engine on take-off, guto RN
feathsred, crashed in field. T

L

Common (larus cenus weight 400 gu) and Black-headed (Larus riditundus weight 300 gm)

+ Great black-backed (larus marinus weight 1.8 xg) Ring-billed (Larus delawarensis weight 5385 gm) and X )
Herring (larus argentatus weight 1.7 kg) ;
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Fatal Accidents to Aeroplanes of 5700 kg and Below

Date

3.b,92

10.2.29

“e=55

10.1,59

-.3.63

1.2.60

2.7.71

16.4.72

30.8.76

23.4.77

19.%0.79

Areraft location Occupants Daaths Damage
Wright Flyer long Beach,Calif USA 1 1 - Deatroyed

Struck gull while flying along the beach. Controls jamwed and aircraft crashed
drowning pilot. :

Arado Madras, India 2 4 Deatroyad

Bhortly after take-off struck large bird, aircraft crashed.
Cessna Aberdare Mtas, Kenya 1 1 Destroyed

En-route struck vulture, pilot attempted to avoid but bird hit wving tip jamming
ajilerons.

- Berengeti, Tanganyika 1 1 Destroyed
Struck s Griffon wulture (Gyps fulwua, 5.4 kg) an~ crashed. .
Beech 35 Bakersfield, Calif USA 1 1 Destroyed

Common loon (Gavia immer wt 3.7 kg) vhich removed right hand teilplane.
Turbulent Nr Belfast UK 1 1 Deatroyed

Spun in from low altitude after striking or avoiding gull. Dead gull found 60 yudl
awvay and avian blood on windscreen of open single seater aircratt.,

Cesana 180 British Columbia, Canada 3 2 Dostroy-d
En-route struck a Bald eagle (Haliaetus leucocephalus wt S kg).
Mitsubishi MU2 Altantic City, USA 3. 3 Destroyed

¥hile in climb struck flock of geease, windshield destroyed incapacitating oze or both
pilots. Uncontrolled descent into the sea.

Saab MFJI15 Nr Awvasea, Ethiopia 2 2 Destroyed

Climbing through 200 ft struck Vulture. Aircraft went out of control and crashed
vertically.

Aero Commander 690 Chicago, USA 4 4 Destroyed

Gull ingested in one engine, emergency procedures improperly executed and aircraft spun
into the water.

Swearingen Merlin Palo Alto, Calif USA - 2 killed Destroyed
1 serious

During approach a flock of birds clogged au eagite intake (engine not damaged). Pilot
attespted overshoot but lost control crashing inverted intc parking area destroying or
demaging 7 other aircraft.

Fatal Accidents to Helicopters

Nil

35




(THIS PAGE INTENTIONALLY LEFT BLANK)

- ve =

AT T

et - ) )

e 4

Ll
B

» T,



T " SR e ce s vse 2 T VT T Y T T W YT YT W, - B N T
. AL RANRASAA AR SREAEGEC AR RS R R N

B B e L W DL I P AP U I P TP IR PR R L

ARALYSIS OF BIRD STRIKES REPORTED BY EUROPEAN AIRLINES 1976-1980

John Thorpe, Design Surveyor
Civil Aviation Authority
Safety Data & Analysis Unit
Brabazon House, Redhill
Surray RH1 1SQ, England

(\ ABSTRACT
' ' pirdsteikes reported world-wide between 1376 and 1580 by European Airlines
' from 14 countries have been analysed. The analysis of over 7500 strikes in-
K cludes the annual strike rate for each country, for aircraft types and
l alrports, all based on aircraft movements. It also covers bird species and
' weights, part of aircraft struck, effect of strike, and cost.

The paper shows that gulls were involved in over 40% of the incidents

; where the type of bird was known, and that only 1% of bird strikes involves
g birds of over 4 lbs. The major effects have been damage to over 330 engines
i and the loss of a Boeing 737 aircraft (value $4.5 million). Engineering costs

are estimated to be about 16 million US dollars excluding the Boeing 737.%y\

l INTRODUCTION

This paper contains a summary of birdstrike data reported by European
Countries for the years 1976 to 1980. It is similar to a paper using data from
1972 to 1975 which was presented at the Third World Conference on Bird Hazards
in Paris, October 1977,

For the following reasons, the detailed analysis only includes civil air-
craft of over 5700 kg (12500 1lb) maximum weight, except that all executive jets
including those of weight less than 5700 kg have been included:

(a) the airworthiness requirements relating to bird strikes are different
for the smaller class of aeroplanes,

- V-
o S
ot - RSN

(b) much more is known about the reporting standard, and movement data of
operators of transport types, and the movement data is more readily
available than that from air taxi or private owner aircraft,

)

TeT.4 .00 va
»

(c) the 5700 kg and less classification is, in general, a much slower aircraft i é':"
with a different mode of operation, requiring lesa airspace, and a - ’
noticeably different strike rate would be expected.

. i
. »

-
e e

Information has been obtained from a total of 13 European Countries, of
which cight have been able to provide full information every year.

The strike rate for each country is dependent upon two major factors:-

- reporting standard.
- bird strike problem within that country.
37
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DISCUSSION

Annual Rate / Country

The overall strike rate for tha 7608 {and 15 million aircraft movements)
incidents contained in the analysis is S.1 per 10,000 movements {two movements
per flight). This is somewhat higher than the rate of 3.5 rxcorded between
1972 and 1975,

Fig. 1 Annyal Strike Rate
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PIGURE 1 shows the annual strike rate for each year for the past nine
years. The UK data (which comprises about 25% of the European Data) is shown
for comparative purposes. There does not appear to be a clear trend, which
in any case could be 1nfluenced by variation in reporting standards.
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Fig. 2 Strike Rate by Country
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PIGURE 2 shows the rate for each country, Switzerland being the highest
and Norway the lowest. Although each country 18 reporting strikes world-wide,
a high proportion of its aircraft movements are within its own country and
its record will thus be affected by its own birdatrike problem.
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Aircraft Tyvpe

Fig. 3 Strike Rate, Jet Aeroplanes
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FIGURE 3 shows that aircraft which appear similar can have very different .
, rates for example the DC8 (used by eight countries) has a rate of 7.9 compared
; with the B707 (used by 9 countries) which has a rate of 5.2, Similarly the

DC10 (used by 11 countries) rate is 12.2, much higher than the L1011 (used by S

i only twc countries) rate of 3.6, Furthermore, the B737 has a rate of 6.9, ) o
| which is higher than the wide-bodied A300B Airbus rate of 5.8. It therefore

. appears that there is little meaningful correlation between aircraft type and
strike rate.

On average jet aircraft with three engines have a higher strike rate than
those with two or four engines, mainly due to the high DC10 rate. The group of
aircraft which are wide bodied have a strike rate of 7.5, which is above the
rate for all jets of 5.5. The rate for executive jets is 1.2, thus it appears

that frontal area does influence the strike rate. Concorde has a low bird
strike rate.

Turboprop and Piston Aeroplanes

TR, LA A a8 A . FEEER L. S esar aa

About 16% of movements are by turboprop aeroplanes, which have an overall
strike rate of 2.7. The rate for piston engined aeroplanes is similar at 2.8,
but this class only accounts for 18 of the movements.
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Helicopters

Because helicopters n‘iﬁly fly at low altitude where birds are most
frequently found, they are continucusly exposed to the risk of a strike thus
rates have been baged on flying hours. The rate for the 300,000 hours is 1.05

per 10,000 hours. This low rate may be due to the comparatively low speed and
high forwards noise levels.

Aerodromes

Aerodrome data is of particular importance as it may indicate where bird
control measures need to be taken. Some countries provided aerodrome movement
data for their nationally registered aircraft, so that a national rate can be
qu.ted., PFor others only the total number of strikes at each aerodrome, reported
by all European sources is available in the absence of movement data,

Aerodromes which have a high number of strikea or a high strike rate may
be influenced by some of the following:

- a very good standard of reporting.

-~ a large bird population (perhaps due to the aerodrome's geographic
location

a large number of aircraft movements.

incorrect or no bird control measures.

a difficult problem in spite of use of correct bird

scaring methods.

an influence which is beyond the control of the

aerodrome (&g a garbage dump).




Fig. 4 European Airperts, Suropean Qperators
Total Strikes, (Rate in brackets)
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FIGURE 4 shows the ten European airports which have the highest total S
birdstrikes. It should he noted that many of these airports have a high number —
of movemsnts and thus a very low rate. (See FIGURE !)
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Fig. §

Strike Rate (National’ Airlines) at Selected
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FIGURE 6 shows the non-Buropean airports with the highest total of strikes
reported by European Operators. Some of these airports are extensively used
by Buropean airlines. About 5% of strikes occurred en-route.

Fig. 6 Non-European Airports, Total Strikes
to European Airlines
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Birds

The birds involved were identified 2 S0% of incidents., The identifica-
tion standard ranged from examination of bird remains by a trained
ornithologist, to the fleeting glance of a pilot.

Fig, 7 Bird Species Struck
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FIGURE 7 shows that gulls account for 41.5% (53% ir previous period) of
incidents where the birds have been identified. Of these the black-headed gull
coaprised 7¢%. The next most frequently struck bird was the lapwing (Vanellus
vanellus) with 11,48, followed by swallows and martins (Hirundinidae) at 11.4%
and pigeons at 7.68. The decrease in gull strikes from the previous period
was offset by an increase in birds of prey and in swifts, swallows and martins.

FProm an airworthinesa point of view the breakdown of bird weights is a
most {mportant feature. Unfortunately qulls span a weight range from 300 gm
to 1.8 kg and fall irto three weight categories and have therefore been
excluded unless the exact gull type was Xnown.
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Fig. 8 Weight Oistribution of Identified Birds
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FIGURE 8 shows that 320 of birds struck weigh less than 110 gms (|/ilb),
50.7% 1lie between 110 and 680 gms (1/4 *to1k4 1b) and 14.1% 1lie between 14 and
2% 1b (681 gms to 1.13 kg). About 18 of incidents were known to involve birds
of greater than 1.81 kg (4 1lb).

Part Struck

Fig. 9 Part Struck
Fuselage
Windscraen 17% Wing
15% 14%

Empennage
Rodome 1%
9%
Nose .
224 L:mdl-l.'!g Gaor \
5% .
Engines
l6%

FIGURE 9 shows the nose and radome were struck in 318 of incidents,
followed by the fuselage with 17,58, Engine strikes accounted for 16% of
strikes, in which 1%, a total of 76 incidents, affected more than one engine,
and in 24 cases struck all engines. The multiple engine strike rate is about I
1 per 200,000 movements. The tail area was very rarely struck. These percent- f[;jﬂf-
ages are influenced by the size of bird involved, since small birds (below
1/ 'b)lare rarely reported as striking the engines, wing or landing gear, but
are more frequently reported on the nose and windshield. The figures are
similar to the previous period.
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Effect (FIGURE 10)

During the period covered by this paper a European registered Boeing 737

"~ 'was written off during a touch and go training flight. The three crew escaped

from the burning aircraft after take-off was abandcned at high speed resulting
in the aircraft crossing a major road.

A total of 338 engines were damaged such that repair or replacement was
necegsary (damage which has been dressed out has not been counted. Of the
338 casea, 152 were in twin engined aircraft. It appears that 30% of engine
strikes involves damage. Twelve windshields needed to be replaced, (only 1%
of the 1124 windshield strikes). None of these involved windshield penetra-~
tion. There were 45 cases of radome damage, out of 685 radome strikes (7%).
The radome was in most cases only delaminated, few cases are known where it was
shattered. The radome strength is usually determined by the dielectric
properties necessary for satisfactory operation of the weather radar.

Examination of the bird weights shows, not surprisingly, that only 2%
of small birds (below 1/41b) caused damage, whereas 40% of strikes with birds
of over 4 ibs caused damage. '
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Only a few countries have been able to provide information on cost. Using
this known coat the estimated engineering cost to European airlines for the
four year period ie¢ 16.1 million US dollars. In addition the value of about
$4.5 million for the Boeing 737 must be added.
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CONCLUS 10NS R

The overall strike rate for the 7608 strikes reported by European
operators from 1976 to 1980 is 5,1 strikes per 10,000 movements. This is
somewhat higher than the rate from the previous four year period.

There does not appear to be any close correlation between the strike rate
and the aeroplane type, however, the strike rate for the group comprising
wide-bodied aeroplanes does appear to be slightly above average.

Helicopters have a low strike rate.

Gulls were struck more frequently than other birds, being involved in
41% of incidents. Only 18 of strikes were believed to involve birds of
greater than 1.8 kg (4 1lb).

The nose section and radome were struck in 31% of incidents, followed
by the fuselage with 176 and engines with 164. About 1% of incidents
involved multiple engine strikes, a rate of about 1 in every 200,000
movements.

Apart from the loss of a Boeing 737, the major effect was damage to 338
‘engines, about ‘ond in every three engine strikes. There was little
windshield damage.

Based on informaticn provided by four countries the estimated minimum
engineering cost of bird strikes was at least 16 million US dollars.
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SERVICBS CENTER
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ABSTRACT

[

i

'&éince 1975, the Air PForce Bird/Aircraft Strike Hazard (BASH) Team,
located at Tyndall AFB PFL, has beun responsible for maintaining all Air PForce
bird/aircraft strike data. Ircormation for 1983 has been compiled and trends
. determined in order to better define the extent of the bird/aircraft strike
- ~_hazard potential. During the 1983 reporting period, there were over 2300
! reported bird strikes costing more than $4 million. 1In addition, one major
and several minor personnel injuries resulted from windshield/canopy penetra-
tions by birds. This presentation identifies trends in the Air Forces' bird
strike occurrences and emphasizes the continual need for reporting all bird
strikes.
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o INTRODUCTION

Since 1975, the Bird/Aircraft Strike Hazard (BASH) Team, located at
L Tyndall Air Force Base, Florida, has been responsible for maintaining all
l Air Force bird/aircraft strike data. The data base contains information as
s far back as the early 1960's; unfortunately, that data is fairly sketchy.
: one of the reasons for the lack of detailed information was the change of
. reporting criteria over the years. Only within the last few years have all
o~ Alr PForce bird strikes been reported. As aircrew members no doubt know,
pllots coming home after a long flight, perhaps to include a low-level ~
flying mission, have a hard time finding the energy to fill out one more -fﬁﬁfffT
report on a bird strike that did little or no damage to their aircraft. The e
crew chief of the aircraft wipes off the evidence and everyone presses on f{-#f,j;
with the mission. However., thls is not always the case, in that many air- Lo
crews realize the importance of reporting all bird strikes and do so SRR
according to the regulation. T T

g
-

ST
LR Y W)

Tne BASH Team has suggested many ideas to increase BASH awareness of all
personnel involved with the bird strike problem. Air Force Regulation
127-15 requires that all bird strikes--those that cause $1,000 or more in
damage. as well as those that don't--be included in the overall statistics
to properly define the problem. Only when all bird strikes are reported and
L analyzed can we view the true nature of the hazards birds cause to our air-
D craft.

From 1980-1982 the BASH Team recorded over 3900 bird strikes to Air
Force aircraft. 1In 1983 over 2,300 strikes were reported. Either the All
Porce is hitting more birds each year; more organizations are reporting bird
strikes, or both. We believe that because of the increased emphasis on the

s ot
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importance of reporting strikes, more bird strikes are being reported.
Likewise, with increased low-level flying, we do expose our aircraft to
environments in which more birds are found. Thus, we could also be seeing
an actual increase in the blrd strike rate. Unfortunately. at this time,
critical information is not available in order to perform a proper quantita-
tive analysis.

BIRD STRIKES BY IMPACT POINT

TABLE 1

Percent of Bird Strikes by Impact Foint

Impact Point Percent
Engine/Engine Cowling 22.3
Windshield/Canopy 20.6
wings 19.3
Radome/Nose 15.1
Puselage 8.9
External tanks/pods/geatr 6.7
Multiple hits 5.2
Other 1.9

Table 1 shows all areas of the aircraft are potentially vulnerable to
birds. Of course, where a bird strikes the plane is a matter of chance
unless the pilot is able to see the bird and maneuver the aircraft in such a
way that the bird perhaps strikes the underside of the wing or radome.
Normally, engine and windshield strikes pose the greatest damage and are the
greatest threat for a crash or fatality. 1In reality, five percent of the
windshield/canopy strikes resulted in birds penetrating the canopy., but only
a few cases occurred where minor injuries resulted. FPortunately, in 1983,
the Air Force did not lose any aircraft or aircrew due to bird strikes; how-
ever, total cost in damage was on the order of $4 million.

TIME OF BIRD STRIKE OCCURRENCE

Most bird strikes occurred during the day (67%), but a large number
occurred at night (18%). Only 5% of the bird strikes occurred during the
twilight hours. Since most of our flying is during the daylight hours,
these statistics are not surprising. Unfortunately, we do not calculate a
bird strike rate for day and night flying since it is difficult, time con-
suming, and expensive to obtain exact flight times per hour of the day. We
do know, however, that birds are most active in early morning and late
afternoon hours and that many bases we visit restrict flying during these
times. Some bases restrict takeoffs and landings for an hour or more during
dawn and dusk to reduce the chance of a bird strike.

Bird strikes occurred during all months of the year: however there were

times of increased strikes. This 1increase coincides with the times of
migration for birds. As seen in Figure 1, the number of bird strikes peak
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i ‘An the spring when birds are migrating north to breed: however, we observe a
i much higher peak in the fall when adult birds and their offspring are making
) the journey south for the winter. Since most birds begin their migratory
; flights shortly after dusk, the number of night strikes greatly increase
! while the number of day strikes only moderately increase.
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By understanding the reasons why bird strikes increase during certain
times of the day and year, we can assist aircrews in avolding these higher
risk tiwmes. Ve ensure that our bird strike awareness programs receive

---emphasis before the fall and spring migration periocds by sending out mes-
-'sages that give pilots a “heads up.” When bird activity increases in the
early morning, the director of operations, at a base experiencing bird

, - str’kes, may delay takeoffs which could prove to be very prudent.
WHRRE BIRD STRIKES OCCUR
l ) ’ Pigure 2 shows almost half of the bird strikes occurred within the

traffic pattern of our bases (e.g., takeoff, landing, approach). Obviously,
by reducing the number of birds attracted to an airfield, we can effectively
reduce the risk of bird strikes. Therefore, airfield environments recelive
the greatest emphasis in attempting to reduce the occurrence of strikes.
Also., by increasing traffic pattern altitudes, we can reduce the chance of a
bird strike in the majority of the environments flown.

K M T P )
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The second most vulnerable phase of flight, with respect to hitting
birds, 1is during low-level operations. High speed. (350-500 knots) low-
level (1000-500 feet above ground level (AGL)) routes traverse the country
in rural, sparcely populated areas, many o° which are rear wildlife refuges
and reserves. Almost 25% of all strikes occurred in this Elying environ-
ment. Since windshield/canopy penetrations by biids are more 1likely to
occur while flying at these speeds, especlially for our fighter aircraft, the
risk of aircraft/alrcrew loss 4is greater during low-level operations. As
seen in Figure 3, most bird strikes occurred at or below 500 feet AGL.
Should a bird penetrate the canopy. pilots have little time to react due to
sudden loss of vision, possible lack of aircraft control and loss of engine
thrust or some other severe circumstance at these low altitudes and high
airspeeds., We recommend pilots increase low-level flight altitudes and
reduce airspeeds when operationally feasible.
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TYPES OF BIRDS ENCOUNTERED
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The BASH Team has an ongoing program to identify bird remains as a
result of bird strikes. Alr PForce safety Officers send feathers and other
nonfleshy remains to the BASH Team for identification. Of the 2300 strikes,
approximately 26\ are placed in a "bird-type“ category (e.g., shorebirds,
gulls). wWithout remains. another 220 are placed in a “"small, medium, or
large bird" category, depending on pllot observations. The remaining 52%
are unknown as far as the type or size of bird impacting the aircraft,
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TABLE 2

Types of Birds Involved in Bird/Aircraft Strikes

1983
Bird Type Number of Strikes
Starlings 39
- -Shorebirds 17
" Blackbirds 22
Horned Larks 21
‘Meadow Larks 29
Doves 41
Plgeons 19
Gulls 122
Bgrets and Herons 21
Vultures 46
Hawks, Falcons and Eagles 126
Ducks 52
Geese 10
Unidentified Birds
Small Birds 406
Medium Birds 38
Large Birds 50

By knowing the "bird-type" causing the problem, the BASH Team and other
experts can more specifically channel their suggestions. For example,
should the identified "bird-type" be a duck, there 1s less need to spray a
pesticide for insectivorous birds than there is to look for a source of
water to attract waterfowl. Raptors (vultures and hawks) and gulls continue
to give military flying the most problems; because of their large size, they
also pose our biggest threat.

AIRCRAFT BIRD STRIKE RATES

The wide variety of aircraft flown by the Air Force and the missions
they perform, create large differences between the bird/aircraft strike
rates for specific aircraft. As seen in Fiqure 4, fighter aircraft experi-
ence the most strikes. This 1s due, in part, to fighters flying more hours,
as well as flying more within the 500 feet AGL and below vulnerability
area. But, bombers and cargo aircraft also have a substantial low-level
flying mission and experience 7.9% and 28.4% of the bird strikes. respec-
tively. Trainers also receive a large amount of strikes with 19.1%. By
analyzing bird strike rates, we can provide information to alrcraft design-
ers so they can create a less vulnerable aircraft with respect to bird
damage. Probably, the most well known of these programs is the aerospace
transparency tests done by the Wright Reronautical Laboratory at Wright-
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Patterson AFB OH. By their efforts. incidents of windshield penetrations by
birds have been reduced. This has saved the Air Porce millions of dollars
in potential damage as well as aircrew's lives.

CONCLUSION

By continuing to collect and maintain bird strike data, the Air Force
has been able to channel its efforts toward reducing the risk of bird
strikes to specific areas. Since we know the “bird-types“ most frequently
hit, when bird strikes most frequently occur, and under what conditions they
occur, we can more effectively minimize the hazards caused by birds. Since
types of aircraft change, mission profiles change, environments are altered.
and personnel concerned with the bird strike hazard continue to move from
base to base at approximately three year intervals, the need for collecting
and maintaining bird strike data will be ever present.
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BIRD STRIKES BY ALTITUDE
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WOKLOWIDE BIRDSTRIKE STATISTICS OF LUFTHANSA GERMAN AIRLINES

Dr. Jochen Hild
Regierungsdirektor
Chairman of German Board for Birdstrike Prevention
D-5580 Traben-Trarbach

AD-P004 183:

l {f/, Summary

. Lufthansa German Airlines register an average number of 328 BRSO
birdstrikes yearly. The costs of repairs, disregarding subsequent costs ot
due to flight plan changes or cancellations, amount to 1 Mio DM yearly. BRI
4 According to a preliminary estimate damage costs are increasing strongly at o
l the moment. During 1983 the costs amounted to nearly 6.0 Mio DM./\\ i

1. TEN-YEARS STATISTICS WORLOWIDE —

During the last 10 years (1973-1982) Lufthansa German Airlines (DLH)
registered 3288 birdstrikes worldwide. The yearly absolute number of
incidents fluctuated between 250 and nearly 400, but the birdstrike rate
d?creased from 12.31/10,000 movements (1974) to 8.90/10,000 (1982) (Figure
1).

[ .0 L

The monthly distribution averaged over 10 years is closely related to
the bird migration (Figure 2), that is:

March maximum
May/June maximum
July maximum

spring migration

intermigration

full intermigration and beginning
of autumn migration (some species)
full autumn migration

COERE
]

October maximum
. The worldwide situation is the same as in Europe; only about 10% of DLH ¥ o
birdstrikes occur outside Europe. RSN

In rating absolute and relative birdstrike number as Lo the A
effectivity of bird scaring methods/procedures it must be taken into e

TRTEE b/ SEPERE

consideration that the effect of the reporting system depends on the

motivation of pilots from year to year. ;”f!- .
- 2. MONTHLY STATISTICS ON THE CONTINENTS
;ﬁ_ Since 1967 in Asia 229 DLH birdstrikes occurred with maxima similar IR
~ to those in Europe, but with a slight difference between the Near, Middle C Ty
». and Far East insofar as in the Western parts of Asia the birdstrike maxima - @ o
- occur in April and September, that means one month later or earlier than in o
o the other parts of Asia and Europe; this may be a function of migration. o
o (Figure 3) R
. In Africa 159 DLH birdstrikes occurred since 1967 equally distributed '.;;’
!{ over North, East ard Western Africa with nearly 33% each. The distribution — e

over the months is similar to Europe and Asia but in North Africa a long
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lasting maximum can be observed in springtime caused by continuous bird

migration from March until June, Moreover, a difference exists also

between east and West Africa insofar as the birdstrike maximum 1in
___springtime differs by one month in either direction, possibly as a function
—-of migration. : :

On the American continent there is a significant difference between

South and North America. On the southern continent (78 birdstrikes since

"1968) the April/May maximum is significant as it is in Africa, possibly
depending on the migration situation. From July until November the number .

of birdstrikes is nearly the same, but dincreases from December until Lot

"January -depending on summertime migrations which are irregular in South

America. On the western part of the continent bird density seems to be

-------

C ek —— . .

: higher because of special migration routes when compared with the eastern R
. coastal district where only 35% of the incidents occurred. The northern Do

I 7 "part of America (total number of birdstrikes since 1968 = 90) including IS R
; Canada and Mexico shows three birdstrike maxima in May, August, and RORRO

October, possibly depending on migration, as well.

" On the Australian continent DLH had only 7 birdstrikes since 1971 from
a June until August; this number is too small to have a statistical value.

3. TENDENCY OF BIRDSTRIKES ON GERMAN AIRPORTS 1980 - 1982 DLH

As to the evaluation of birdstrikes on German airports they are
subdivided into three types as follows:

| - Take off/landing/rol1/taxi (Table 1) within the airport area, f.i. -2
strikes above 200 ft GND at landing and below 500 ft GND at take off, DR

N " ECRLSRF R SE  PRTRRRPSRCRUN

)
[y

- Descent/approach/climb (Table 2) in the airport surroundings, f.i.
strikes above 200 ft GND at landing and above 500 ft GND at take off,

- Strikes in the airport area (Table 3) but without indication of flight
phase and height.

This subdivision is necessary in order to get more genuine values and
in order to analyse where the main problems with birds are, in the airport SRR
itself or in the surroundings. BENRES

As to the airports it can be ascertained that 44% of incidents
occurrea within the airport area and 38% outside (18% unknown); in some
cases incidents outside were higher than inside.

p 4. TENDENCY OF BIRDSTRIKES IN THE AREA OF SOME IMPORTANT EUROPEAN

] ATRPORTS 1973 - 1982 DLH

- Uuring the 1last 10 years (1973-1982) ODLH registered the most

= birdstrikes on the following European airports: AMS = 48, BCN = 24, BRU =

- 30, CPH = 30, IST = 26, LON = 39, MIL = 44, PAR = 67, VIE = 29, ZRH = 30.

é The rate situation regarding 10.000 DLH movements on the respective airport
was the following:




Airport/Year 1973 1978 1982

AMS 8.85 7.36 16.65
~-BCN 25.53 5.05 9.66

BRU 15.54 14.00 9.12

CPH 3.61 6.38 4.39

oo - IST 6.76 6.53 22,57
~—=-LON ' : 3.13 1.711 3.97
MTL ? ? 14.10

PAR 7.84 13.16 14.98

- VIE 7.85 11.31 0.00
ZRH 4.17 7.34 5.63

The main problems have been induced by gul’ ., lapwings, pigeons,

‘swift/swallows and herons. During the last 5 eirs (1978-1982) 17

birdstrikes in AMS, BRU, CPH, IST, MIL, PAR and ZRH shouued diamages whose
amount was nearly half a million DM. Birdstrikes DLH occurred since 1973
on 48 European airports.

5. TENDENCY OF BIRDSTRIKES IN THE AREA OF SOME IMPORTANT AIRPORTS OF THE

ASIAN, AFRICAN, AND AMERICAN CONTINENTS 1973-1982 DLH

In the Asian region birdstrikes DLH were increasing since 1976. The
most endangered airports seemed to be: ANK = 12 (average rate 8.20), BKK =
39 (31.56), BOoM = 7 (7.47), DEL = 55 (68.73), HKG = 9 (10.55), KHI = 8 (?)
and 7LV = 11 (?). The costs amount to nearly 350,000. - DM since 1973.
Birds of prey were the most dangerous birds because nearly 90% of the

incidents occurred with this group of birds.

In the African region the following airports were highly dangerous for
DLH: ADD = 6, CAT = 5, DAR = 4, DKR = 4, DKR = 32, EBB = 7, KRT = 8, LOS =
5, MBA = 5, NBO = 19 and TUN = 8 especially because of the high costs. The
species mostly involved were birds of prey, herons, cranes, ducks and
pigeons; the costs amount to nearly 1.2 Mio DM.

On the North American continent most birdstrikes happened in B0S (8)

and JFK (18) mostly caused by gulls and waterfowl with costs of nearly 0.6
Mio DM.

In South America the following airport seemed to be the most
endangered for DLH: GYE (11), LIM (11), RIO (6), SCL (14), and SAO (4);

birds of prey were mostly involved and the costs amount to more than 1 Mio
DMI

6. FLIGHT PHASES, AIRCRAFT TYPE, DAMAGES AND COSTS

Most birdstrikes in all continents occurred at take off (28.8%) and
landing (26.5%), during approach (31.8%) and during the climbing phase
(9.7%). Narly 71% of birdstrikes occurred during the daytime, 11% at dawn,
but nearly 20% during the night.
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ANl types of DLH afrcraft have been involved in birdstrikes and
perhaps it can be stated: the larger the aircraft the higher the relative
number of birdstrikes according to the following rates/10.000 movements: B
747 = 35.52, DC 10 = 14.36, B 707 = 11.19, A 300 = 10.4, B 737 = 7.93 and B
727 = 1.75 (average rates from 6 years).

As to the parts of aircraft struck (Figure 4) most incidents occurred

with the nose (20.01%), the fuselage §17.72%), the engine (16.74%), the

~ windscreen (14.70%) and the radome (13.13%); in 34 incidents engine
exchange was necessary.

Since 1973 DLH had to pay more than 5.0 Mio DM for birdstrike damages;
in 1983 the costs were exploding with more than 5.0 Mio DM for one year.
These costs are distributed among the aircraft types as follows: A 300/310
= 80%, DC 10 = 2%, B 747 = 5%, B 707 = 3%, B 727 = 1% and B 737 = 9%. They

_are distributed among the continents as follows: Germany = 78%, Europe =
2%, Africa = 15%, America = 4%, Asia/Australia = 1%.

The costs of repairs disregard subsequent costs due to flight plan
changes or cancellations.
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Tiy, 1: Nutter of Sirdstrikes CLH, 1930 - 1922 within the airport area of Cercan airzorts

1980 1981 1282

assolule rate a%selute rate ahso! ste rite
f. 3 6 11.23 3 4,08 6 17.30
woN k| 1.84 7 4.3 7 4,52
oy " 2.53 12 3.61 22 7.1
;! 19 2.02 15 1,48 16 1.87
=AM 10 .28 9 2.64 10 2.3
AJ 2 2,44 1 1.06 6 5.22
'uc 10 2.40 15 3.35 28 .52
*E 2 3.16 1 1.49 2 2.62
SIR K| 1.3 2 0.89 ) 2.713
platl - - - - - -
tetal 6 09 102
average
L ST 1. U £ VRSO .. SN

“ate s ‘uoter of dirdstriles zer 17,000 moverents of CLH,
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Tah, 2: Nuedor of Diedstrites DLY, 1280 - 1392, in the surraundings of German airports

L R . SR A M S A S e A e i i S St A T (4 .
’ - ' - . -t . . D - - - T . ,'.'.‘A‘.->'A’..'.'

1560 1€01 1582
absa! ute rate absolute rata absolute rate

g€ 1 1.87 2 3.26 0 0

ey 3 1.3 4 2.9 7 4,52
s 1 2,63 7 2.10 11 3.60
TRA 24 2.5 29 2.93 26 2.1
“AH 2.8 ) 1.89 10 1.23
Y] 1.22 3 3.18 2 2.00
NUC 0.48 12 2.67 8 1.86
ME 1.58 2 2.98 2 2.2
alR 1.1 2 0,99 6 3.28

W - N - O

SN - - - - . -
tatal 55 67 n

avrzare

r:le 1.74 2.23 2.8

fate = Nurber of birdstrines per 10,000 roverents of CLH,
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AP RS

12680 1981 1362

it tselute rate aSsclute  rate 1955 ute rite
,1 VE 3 5.63 3 4,98 2 1,50
N Gil 0 0 1 0.43 k| 1.%6
o s 2 c.68 5 1.51 1 4.26
o FA 8 0.86 1 1.16 ¢ 0.42
7 1AM 4 1.7 7 2.23 5 1.72
i Hid 1 1.22 3 3.16 5 5.07
= HuC 3 0,73 4 0.89 5 1.17
ME 0 0 0 0 0 0

= STR 0 0 2 0.89 3 1,65
- SCN . - - - - -

. lotal A 36 40

x average
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BIRDS AND AIRCRAFT ENGINE STRIKE RATES

V.E.F. Solman
Assoziate
. Thurlow & Associates .
knvironmencal Control Consultants (1981) Ltd.
P.0. Box 2425, Sun, D, Ottawa, Ontario, Canau. KIP SWS

AD-P004 184

! ' A recent Canadiar study involving the years 1977-1982 inclusive relates
o engine bird strike rates to differenr aircraft *ypes and to different engine
locatiuns on simil .. -sired aircraft,

' Incidents of engine damage, inciudirg simultaneous multi-engine strikes
- are related to aircraft types and engine locations. The data presented

. suggees high vulnerahility to bird scrikes, bird ingestion and related damage
2 in the case of large, quiet, underuing-mounted engines. They also suggest

D msch lower stirike, ingestion and darage ratea for small, noisy, rear-mounted
g engines. Where the same enginec sre used in boeth locations the strike rates
are more than fcur time: greater in the underwing location.

The implicatiars for modern aircraft using 2 laige, quiet, underwing-
mounted engines (B76], B757 and A300) are considered. s

!
;-

In "Birds and Aircrafe™, (1973), and "Birde and Aviation™, (1981), 1
discussed the history of Lird hazards to aircraft and the work done on that
subject ja geveral countries. Those presentations covered site selection and
design of airports and their puildings, air field maintenance techniques and
emergency bird scaring as methods of reducing bird attractions including
edible wast2 and sewage disposal areas, and agricultural crops directly or
indirectly attractive to birds. In "The Birds Were There Pirst and They Still
Are", (1978), I stressed the high vulnerability of executing jet aircraft
powered by small turbine engines and gave case higtories of some serious
engine bird strikes involving humaun injuried and fatalities.

In considering the special vulnerability of "executive'' jet aircraft
rclated to small engines, and the aircraft operational parameters, I was
forced to the conclusion that an examination of relative bird strike rates
for different kinds of jet engines should ke undertaken. In chat review
consideration would also be given to engine position and turward projection
of engine noisc. Conjecture on the effect of noise on bird strike rates was
put forwsrd in Birds and Aviaticn as a result of sowe work dome by E. Venturini

(pers. com, 1973) of the General Electric Co. Berger (1983) also referred
to the effects of noise on birds,

Thorpe (1976) had shown from European bird strike data that difterent
eugine locations on commercial aircraft were associated with different bird S
strike rates (per 10,000 aircraft movements and per 10,000 2ngine movements). @ L
HWe, in Canada, have had for years Canadian data that showed different total : .
aircraft bird strike ratcs at different airfields in Canada and in Europe,
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To carry out the review we proposed we needed total aircraft engine bird
strike data (including position of engine struck) from a group of airfields
used by a variety of commercial aircraft types for which complete aircraft
movement data were also available, With that type of data, a comparison of
engine strikc rates at the same airports and in the same time frame, related
to engine location and aircraft type became possible, Even though the data
.did not eliminate all the variables we faced it.gave us a chance to make
compavisens we had not previously been able to make., Because some engines
are used on different aircraft in different configurations we could also begin
to see from Canadian data the importance under Canadian conditions of engine
--location as Thorpe (1976) had suggested.

I wish to acknowledge the excellent co-aoperation I have receive. rum
Mr. A.J. Laflamme, Aviation Safety Bureau and Mr, W.P. McDonald, Airp *
Facilities Branch, Transport Canada in making engine bird strike and ai. «r
traffic data available for review,

" The Canadian data covered the period from 1977 to 1982 inclusive. Prior
to and during the period studied, strike data were reported by aircraft
pilots, by airport staffs (mainly controllers and field maintenance personnel),
and by aircraft engine maintenance units., The three-way system involved some
duplications which were eliminated in processing. The three-way system, we
believe, gave us reports on more than 80 percent of the bird strikes on
commercial carrier aircraft at the airports studied.

An aircraft movement involves either a take-off or a landing. An aircraft
engine bird strike rate of one per 10,000 movements means one bird strike
incident (involving one or more engi- s) per 10,000 aircraft movemerts. An
aircraft engine movement means :that . engine has participated in an aircraft
movement. On a 4 engine aircraft there are four engine movements for each
aircraft movement. On & twin engine aircraft there are two engine movements
for each aircraft movement. In tsole 1 the 234 engine bird strikes occurred
in relation to 3.4 million aircraft movements and 8.7 million engine movements.

Table 1 gummarizes data by year, by aircraft type, and by engine location,
It is apparent that engine strike rates, per 10,000 aircraft movements and
per 10,000 engine movements are related to enginc intake gize and are higher
with »igger engines as Venturini (1973) and Berger (1983) have suggested.
That may well be a result of the reduced sound warning time given by larger,
quieter engines and the greater distance-to-escape as I suggested (Solman '81).

When one examines the figures for the B727, B737 and DCY aircraft, all
of which use Pratt and Whitney JT8D engines (not necessarily the same model)
it is apparent, as suggested by Thorpe (1976) from European data, that tail-

mounted engincs have legs than half as many strikes as the sawe engines on
vnderving wounts.

Multi-engine strikes have been reported 17 times invelving 45 engines
in .le itudr perlod mainly (B2%Z) on underwing engines in a total of 3.4
million alvcraft movements. It mav be expectad that ir the next 6 years, if
the number of movements is similar to tha past 6 years, a similer number of
multi-engine strikes may occur. Recently the B767 aircraft has goue into
service in Canada with large, quiet, underwing engines. It is suggested
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that it may experience multi-engine bird strikes., There are reports that
multi-engine strikes have already occurred.on the A300 aircraft which has
similar-sized quiet engines and a somewhat similar configuration,

1f we compare the 4.3 million movements of underwing engines (191
engine bird strikes) with the 4.3 million movements of rear mounted engines

(43 engine bird strikes) we find a ratio of 0.44 to 0.10 or 4.4 bird strikes

on underving engines for each bird strike on a rear mounted engine,

In the future both aircraft manufacturers and aircraft operators may

_consider the relative costs of engine repairs, flight delays and public

relations implications caused by aircraft engine bird strikes as a factor in
deciding upon engine location on future aircraft.

The data we have suggest that reduction of bird hazards to aircraft at

airfields will become increasingly important as we move to a higher proportion
of aircraft with large, quiet, underwing engines.
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\ - ' INTRODUCTION

\S(In January 1981, the Federal Aviation Administration's (FAA) Northwest
Region raised the issue of dual engine ingestion hazards to large, high

E bypass turbofan twin engine powered transport aireraft, The issue was
. whether dual engine failure was likely due to bird ingestions on twin engine
:4 aireraft equipped with high bypass turbofan engines. The Northwest Region,
o whose responsibility is certification of transport category aireraft, ini-
o tiated a survey through air carriers worldwide, identifving damaging engine
N ingestions. The FAA's New England Reglon, who has reaponsibility for engine
B certification, initiated a review of engine ingestion data. In April 1981,
an ad hoo team was formed to collect and analyze engine ingestion data. This *%vjlﬁw¢1

K paper presents soms of the data and offers some considerations on how bird . .
strike data should be collected and analyzed./\\ R
N .

N BIRD INGESTION DATA SET

!! Engine manufacturer data for the Pratt and Whitney JT9D, General

Rt Eleatrioc CF6, and the Rolls Royce RB211 were collected. Ingestion events for
K a period from 1969 through 1980 for the JT9D; 1972 through 1980 for the CF6j

and April 1972 through August 1981 for the RB211 were examined. For purposes
of data analysis, phase of flight was recorded. Where phase of flight wes

unknown, a proportional share of the unknowns were distributed amongst the . |
known flight phases, based on other Lird strike summary data from the British N A
Civil Aviation Authority and other sources whioch indicate that approximately el e
one-half of the bird ingestions ocour during takeoff/climb,

SR H‘ oo
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All ongine ingestion histories were reviewed to estimate tha number of
engines whioh failed. A failure wus defined as & condition which precluded
further uso of that engine for production of significant thrust. Fifty per-
oent thrust was & "rule of thumb" used for acceptability. An in-Clight shut-
down (IFSD) was not necessarily regarded as an engine failure unless other
information supported suoh & conclusion, Many IFSD's are precautionary. If
damage reports indicated the engine was capable of producing thrust had it ) .
been reguirsd, the event was not counted am a failure. ' 'e‘ E

.
.
.
’

Typiocal damage for the engine failure category {s a traverse fan blade
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orack with loss of a significant amount of the blade tip, repeated stalls,
elimbing exhaust gas temparature (EGT), or a 50 percent or greater power loss.
Typiocal damage which does not of itself indicate an engine failure is fan
blades bent or cracked with leading edge pleces bdbroken out, high vibration,
__or a single surge/stall with recovery.

Most bird ingestion events had little or no operational effect on the
engine. A few avents were obviocus engine failures., Some did not clearly
- indicate a faillure or nonfailure condition. This last borderline group had
. dngine damage, vibration and/or IFSD. Significant damage incidents were
discussed in detail with the engine manufacturer and a determination was made
. a8 to whether the engine could have produced thrust if it had been required
to do so. Thic was done by contacting the engine manufacturer who researched
the incident files and by comparing damage on known failures with damages
reported on these borderline incidents.

Based on these reviews, manufacturer estimates of engine capabilities
and FAA technical staff judgment, - tabulation of bird ingestion events, and
engine failures was compiled., Table 1 presents this information.

TABLE 1, Engine 8ird Ingestions By Flight Phase

Flight Phase

Other Than Unknown or

Engine Type Takeoff/Climb  Takeoff/Climb Not Reported Total
JT9D Ingestion Events 215 42 345 603
JT9D Failures 36 1 0 37
Failures/Ingestion 6.14%
CF6 "ngestion Events 134 82 105 -321
CF6 ‘ailures 14 2 0 16
Failures/Ingestion 4,98%
‘RB211 Ingestion Events 7 36 59 166
RB211 Failures 4 0 0 4
Failures/Ingestion 2,.41%
Total Events 420 160 510 1090
Total Failures 54 3 0 57

Applying a oorrectional faotor of 50 percent for the Unkmown/Not
Reporteds, these events were distributed between Takeoff/Climb and Other than
Takeoff /Climb,
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TABLE 2. Distributed Bird Ingestions By Flight Phase

Flight Phase (Estimated)

N Other Than
Engine Type Takeoff/Climb Takeof' f/Climb
JT9D Ingestion Events 388 215
JT9D Failures 36 1

_ Failures/Ingestion(%) 9.28% 0.u7%
CF6 Ingesticn Fvents 186 135
CF6 Failures 1 2
Failures/Ingeations (%) 7.53% 1.u8%
RB211 Ingestion Events 101 65
RB2111 Failures 4 0
Failures/Ingestion (%) 3.96% -

Of the 1090 events, U9 involved multiple ingestions, Multiple
ingestions are defined as ingestion of at least one bird into each of two or
more engines on an aircraft during a bird encounter event, Unknown or unre-
ported flight phase was distributed 50 percent to Takeoff/Climb and 50 per-
cent to Other Than Takeoff/Climb. Multiple ingestion events involving small
birds such as sparrows and starlings were excluded as not relevant to the
study since small birds do not substantially damage large high bypass turbofan
engines. These events were eliminated from the data set because the analysis
focused on estimating multiple ingestions on nonrevenue departures were
exoluded because cperations such a. crew training, ferry flights, and touch-
and-go tekeoff are not typical of normel aircraft use.

TABLE 3. Multiple Ingestion Data

Aireraft Type

B747T DC=10 A300 L1011
Service Period 1969-1980 1977-1980 1974-1980 Apr 72-Aug 81
Revenue Departures 2,430,000 2,020,000 420, 000 1,460,000
Takeoff/Climb
Multiple Ingestions 16 6 ) 2
Other Than
Takeoff/Climb
Multiple Ingestions 3 2 0 1
Unknown/Unraport ed
Flight Phase
Multiple [ngestions 15 0 0 0
Total 34 R 4 3
Hultiple Ingestions
per 10,000 Departures V.14 0,04 0.10 0,07

a




The BTUT ingestions included seven events in which three aircraft engines
vere affected and one event in which all four engines irgested birds, Table
3 treats these eight events as a dual engine ingestion event.

Table U provides aircraft fleet and engine combinations for aircraft and
distribution of r~wenue departures by engine type. This data is useful in
putting engine ingestion events into perspective,

[N
|
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i‘ o TABLE 4., Wide Body Aircraft/Engine Data (As of 1/1/81) RESENEN
g Aircraft Powered by Fngine Type R
. DC-70-30 3 o
BT7UT DC-10-40 DC-10~10 4300 L1011
o JT9D 390 38 0 3 0 NN
. . .CF6 7 6u 171 122 119 0 - 9 s
o RB211 20 _ 0 0 0 192 oo
- Total Aircraft 7y 09 22 122 192 el
e JT9D Revenue A
N Departure "istribution 0.894 0.105 0.000 0.001 0.000 RN
" Sl
ﬂ CF6 Revenue -~
Departure Distribution 0.042 0,330 0. 443 0.185 0,000 P
9 RB211 Revenue
. Departure Distribution 0.021 0,000 0.000 . 000 0.979
ll Approximately 89.4 percent of all JT9D departures were on B747 aircraft.
(: If a higher incidence of B7U7 bird strike events occurred, it would
1 correspondingly produce higher numbers of JT9D engine ingestion events, which
: from Table 1, is indeed the case. Likowise, if an alrcraft type such as the
. L1011 were operated in locations with low bird activities, RB211 events and

failures would be expected to be lower.

ATRPORT EIRD INGESTION FACTORS

The FAA's analysis of bird ingestion data resulted in calculating a
failure rate for each aengine. FAA was unable to consider exposure to bird
hazards based on historical data from 1969 through 1980 because of the many BN
variahies in data collection fi<m one country to another. Engine munufac o
turer data provided some information on Individual ingestion events, but cer- :
tainly not enough data to adequately describe all 1090 events.

The: alroraft's (or engire's’ e:posuare to the bird strike hazard must be ST
considered, Table 5 illust-utes he problem of geographic signiticance of el
the vir. atrike hazard problem, [t lists the top ten airpcrta contributing .. ®
to widv: %uiy alreraft engine ingentican. N
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TABLE 5. Engine by Airport (1975-1980)
JT9D, CF6, and RB211

Engine Engine Multiple Engine
Airport Ingestions Failures Ingestions
J. F. Kennedy ug 6 5
Toyko 38 3 2
‘Bombay 27 3 0
Schiphol 21 2 2 S
Delhi 20 1 0 RN
Heathrow 12 2 1 e
San Francisco n 2 1 RN
Paris Orley 10 1 2 R
Prestwick 8 2 1 °
Copenhagen 8 2 2
Total 203 2n 1€

Source: Engine Manufacturer Data (All flight phases included)

These 10 airports account for 16 of 49 multiple ingestion events and 24

of 57 failures, TImprovements in bird control would significantly improve the .
engine fallure rates. .

Engine failure rates, ingestion rates, and other treatments of the data
where the number of operations are factored into the ingestion data must also
be analyzed in relation to the exposure the aircraft has to bird hazard
risks. Since bird densities around airports are constantly changing, there
are periods of the year when bird hazards are at an absolute minimum, During
early spring and early summer, bird strikes decline while the number ¢f
operations increase. Likewise, on a gliven day, many of the U,S. air carrier
sarved airports exceed the number of daily operations of any foreign airport.
While Heathrow experienced a takeoff or landing every 5 to 6 minutes in 1979, -
scme of the larger U.S. alrports were moving aircraft at much shorterinter- [ )
vals. If more aircraft are operating at closer talkeoff and landing inter- o
vals, the increased airport activity scares the birds away, and at the same
time, bird control measures can be effectively employed to protect greater
numbers of aircraft. Many of the bird strikes experienced on U.S. alirports
occur when alrp 't operations are light, on takeoff or landing on other than e T
the primary runways, and during periods when airport bird patrols are not on o
duty., -

Another factor relates to daily and almost hourly changes in the airport
tird densities, Many bird specles hazardous to ailrcraft exhibit increased
flight activity near sunrise and sunset. Other birds like vultures and kites e
use midday thermal air masses to socar and glide in search of food. Many ®
flocking birds roost at night, not creating a bird hazard until they fly at
dawn from their roost to feeding areas near the airport. Most bird strikes
occur during daylight hours because of both increased bird activity and
increased numbers of aircraft flight operations.

Figure 1 depicts the time distribution of B4 worldwide hird ingestinns
on high bypasas turbofan engines wha2re the local time of the hi-d sLrike was
reported. These BU events occurrea over i cne year jerlod Le, {nning in May
1981, Using the time, date, and locati.n Lf the event, the ti. = o0
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midnight involved owls, Greater numbers of bird strikes occur near sunrise

oerurrence was converted to reflect hours before or after sunrise and sunset,
In those ingestion events whei'e the bird were identified, most of the birds
were species that roost at night. 1Ingestions which occcurred at and after

through sunset for all categories of aircraft.

Table 6 1ists the combined percen“age of B747, DC-10, L1011, and A300
revenue departures at selected airports which departed between the hour
before sunrise and the hour after sunset. These percentages will vary with
airline passenger seasons; however, most bird strikes occur from late August
through the winter months. Revenue departures during the month of September
1982 were used in Table 4, approximating departure schedules which would
exist through the fall and early winter months when the bird hazard risks are

greatest.
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. _3URE 1. Time Distribution of 84 Bird Ingestions
High-Bypass Turbofan Engines
Suyrces FAA Bird Strike/Incident Reports FAA Form 5200-7
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TABLE 6. Percen’ age of Departures
One Hour Before Sunrise to One » After Sunsetb

Airport Percentage ot Departures
John F. Kennedy 53.9%
Delhi 55.2
Bombay 59.3
Los Angeles 68.4a
Boston 70, U4
San Francisco Th.6
Miami T5.2
Paris Orley 767
Copenhagen B2.7
London Heathrow 8H,1
Schiphol RB.2
Tokyo-Haneda ae.s
Sydney Q2,1

Source: International Official Airline Guide, Seprember i, 1982
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Table 6 shows that most of these airports have their greatest number
ofrevenue departures during periods of daylight bird activity. Some air-
ports like John F. Kennedy International have nearly half of their departures
occurring after dark. At Kennedy, the predominant bird hazard problem
involves gulls which usually roost at night away from the airport. With air-
port bird strike rates being calculated by dividing the total number of bird
strike events by the total departures, an error is introduced in the rate
because the rate is not adjusted for the actual exposure to the bird risk. A
rate of 1.2 strikes per 10,000 operations at Jchn F. Kennedy corrected tc
eliminate night revenue departures would be 2.2 strikes per 10,000 opera-
tions, Flight scheduling significantly affects the bird strike risk at many
airports and should be considered when discussing bird strike rates and pro-
babilities.

Aircraft flight schedules and bird flight habits cannot be used in
agsessments of historical bird ingestion data because the bird strike
reporting systems did not report these factors. Any analysis of this data
necessarily estimates a worldwide 2H-hour average risk. The rates and
probabilities derived from bird strike data consider all revenue departures,
which is a greater number of departures than the actual departures exposed to
the bird hazard at many major airports. If revenue departures were adjusted
downward to more closely approximate bird hazard exposure, the computed rates
would increase sharply. Factoring out departures where bird hazard risks are
minimal could increase these rates by 20 to 30 percent at most airports.

CONCLUSIONS

While the FAA had taken a close look at historieal bird ingestion data
from 1869 through 1980, the ad hoc team also racognized the limitations ¢n
the data set., 1In May of 1081, the FAA's Technical Center initiated the most
conprehensive data collection program ever undertaken on bird ingestions,
Contracts were awarded to Pratt and Whitney, General Electric, and Rolls
Royce to respond to bird ingestion events and collect data. The contract
tasks included descriptions of damage, positive bird identification, date,
time, phase of flight, weather conditions, and from the bird identification,
bird weight. WNarrative descriptions provided information on engine perfor-
mance, damage, and numbers of birds. The data collection phase was completed
in July 1983 and the draft report 1s currently being coordinated within FAA,
In the 26 months of the study, 638 engine ingestion events on high bdypass
turbofan engines were recorded at 137 airports. Twenty-eight events involved
nultiple bird ingestions., Data contained in the Technical Center report will
be extremely valuable in ldentifying the nature of the blrd hazard risk to
large high bypass turbofan engines.
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ALRCRAFT TRANSPARENCY BIRD

IMPACT ANALYSIS USING THT.
MAGNA COMPUTER PROGRAM

k. E. McCarty
Flight Dynamics Laboratory
Alr Force Wright Actonautical lLaboratcries
Wright-Patterson AFB, Ohio, 1'SA

AD-P004 186

| AUSTRACT
L’%he history of United States Air Force involvemont in the development of
bird impact recistant transparent crevw enclosures for flight vehicles is
briefly reviewed. The decisior to develop aralytical methods for the design
of bird resistant transparencies is noted. The subsequent development of a
tinite element computer program called MAGNA is discussed and experience with
the application of this code to the bird impact analysis of a tactical
aircraft canopy 1is related., Results are presented which show MAGNA to be
capable of realistically simulating the canopy response to bird impact. The
strong dependence of the bird impact loading upon the dynamic response of the
canopy is pointed out, and the need to develop the capability to independently
account for the effects of this load-response coupling 1is stated;$\

!

INTRODUCTION

In recent years, United States Air Force Flight missiors have involved
more high speed, low altitude operations. Under these conditions, bird
impacts on aircraft transparent crew enclosures pose a significant hazard and
have rcsulted in unacceptable losses of aircraft and crewmembers. Between
the years of 1966 and 1977, the cost of Air Force aircrait alone lost to
confirmed transparency bird iwmpact exceceded S$80 million, Six crewmembers
lost their lives in these accidents. The total cost Iinvclved grows to a much
higher level when worldwide milirarv and commercial aircraft operations, and
the expense of replacing damaged transparencies on recovered aircraft are
taken into consideration,

The United States Air Force has been one of the leaders in reducing the
scope of this problem since 1972. At that time the Air Force Flight Dynamics
Laboratory formed the Improved Windshield Protection Advanced Development
Program Office (ADPO). Since that time a second group, the Subsystems
Development Group of the Crew Escape and Subsystems Branch, has also been
formed and together these two offices are charged with the development,
demonstration, and application of new technology for the design of improved
aircraft transparent crew enclosures.

The major bird impact protection programs accomplished by the Flight
Dynamics Laboratory to date have all involved the design of improved
transparencies for existing operational aircrafc, These retrofit programs
have made extensive use of full scale bird impact testing for the screening
of preliminary designs and the qualificaticn of final designs,”’
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Since high cost and considerable time were inherent in these empirical
methods, interest began to grow in the development of less cestly analytical
design tools. Tn 1975 the Air Force Flight Dvnamics Laboratory awarded its
first contract for the development of a computer program tc fill this

requirement. As a resglts aﬁcode named IMPACT was developed and delivered to
the Air Force in 1977, ° °°

IMPACT was discussed_at the 1978 Conference on Aerospace Transparent
Haterials and Enclosures. Tt was found to be inadequate for simulating the
bird impact response of a flexible tactical aircraft canopy due to the vervy
large deflections (& in.) observed during tests of the canopy. At the time,
it was presumed that 1MPACT could still serve as an analyvsis and design tool
for transparencies exhibiting smaller deflections jn respons2 to hird impact.

However, subsequent evaluation of IMPACT performed under an in-house
rescarch program in the Subeystems Development Group found the code
inadeqgate for the analysis o1 even a very stiff bomber-class windshield
panel, Even though the deflections observed in testing were less than C,5
in., they were still too large to permit successful analvsis.

FINTTE EiL.EMENT METHOD

The analveis method employed in the TMPACT computer program is knewmn as
the finite element methed. 71his meiuod was developed in the carly 1960's as
a structural analysis technique and has been successfully applied woldwide in
a variety of technicel disciplines since then,

The method is comprised of three basic steps. The first step involves
treating the structure of concern as a group of subsections or elements
instead of as a single entity. This representation 1s referred to as the
"finite element model" of the structure.

The second step involves the definition of loads which are applied to
the structure ~ bird impact loads in this case.

The third step involves the use of a (finite element) computer program
to calculate the response of the structure which has been medelled to the
loads which have been defined,

In general, when the deflections resulting from applied loads reach a
certain level, a nonlinear finite element code is required fer analysis of
the problem, The IMPACT computer program discussed in the last section was a
linear program, i.e., it was based on the assumption of very small
deflections everywhere in the structure. As previously mentioned, the
deflection of even very stiff aircraft transparencies (glass bomber
windshield) in response to bird impact Joads has been found to be "large" for
the purpose of finite element analysis. Therefore, it should come as no
surprise that IMPACT cnuld r-t ccrve as an offocrive transparency bird impact
analysis tool.

g6




' e Suts e &
IR

T T YT T, T v e

MAGNA COMPUTER PROGRAM

In 1978, when the need for a nonlinear ccde had beern confirmed, the Air
Force Flight Dynamics Laboratory made a second contract award to obtain a
finite element program for transparency birc¢ impact analysis. As g result, a
nonlinear code named MAGNA was delivered to the Air Ferce in 1979.°

MAGNA can accurately analyze Jarge deflection problems9 and it is hoped
that 1t will eventually serve as a valuatle tool for the aircraft
trangparency design community. 7Yoward this end, the Subsystems Development
Grouy 1s under centract through 1984 for continued improvemeut of MAGNA and
the ADPO is vnder contrect to have MACNA used as ar analysis tool for some
.mproved trarsparencies,

The MAGRA code is installed on the scientific computers at
Wright-Patterson Air Force Base, and is avallable for use by anv United
States Guvernment office or anv firm under centra- ro such an office. At
the present time MAGNA is being evercised by its .. loper, the University of
Dayton Reseuarch Institute, Dayton, Ohio, and by s¢. : .1 US Air Force offices
and contractors,

The Subsystens Developmeunt Group is conducting a continuing in-hcuse
research program to evaluate MAGNA as the development of the .o proceeds
and to attempt to validate it via simulation of various ful) ecale bird
impact tests. The results oI these simuiations are being Compafedlﬁo stress,
strain, and deflection data acquired during full scale testing. '

During 1980, the Subsystems Development Group simulated the bird impact
response of a verv flexible canopy for a tactical aircraft. This is regarded
as a severe test of MAGNA because the deflections of the canupy are so large,

RIRD IMPACT ANALYSES

Figure | shows the fiunite element model of the cavnopy analyzed under the
Subsystems Development Group in-house study. Only half ¢f the structure has
been modelled because of the symmetry of the problem. 7The model contains
fifty finite elements,

FIGLRE 1. Finite Element model of Tactical Aircratt Canopy
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The shape of the loaded area over which the bird impact l?ads were
applied has been deternined experimentally fer rigid targets.’ That 1is, the
loading "footprint" corresponds to the case for which the canopy does nnt

- deflect during the impact event.

A simplistic apprecach was taker in calculating the loads which are
applied over this tootprint by the bird. Reference 8 discusses the same

approach tc rodelling bird impact loads, but in greater detail. After
impact, the compunent of the hird's initjal linear momentum, normal to the
canopy surface has been delivered to the caropy and is therefore equal to the
impuise. Again, it was assumed that no deflection of the canopy ecccurs
during impact. The average force applied tc the canopy during impact was
then determined by dividing the impulse delivered to the canopv by the peried
of the eveut. Since only half the canopy was modelled, only half this
average force is ucsed in the simulation. This description of loads is
referred to as "uncoupled” since it invclves the assumption that the bird
impact loads are irndependert, or "uncoupled," from the resulting deflection
of the canopy during impact.

Linear, Uncoupled Aralysis

MAGNA can be used to perform either linear or nonlinear analyses. For
the purpose of comparison with earlier studies of the same problem with
IMPACT, ° a linear analysis was performed first. The uncoupled description
of loads was used in conjunction with this analvsis. A 4,0 1b bird impacting
the canopy at 575 tps was simulated; the period of the impact event was 2.3
ms,

Figure 2 shows the results of this analysis. The solid lines represent
a profile view of the undeformed shape of the canopy along its centerline or
plane of symmetry. The dotted lines represent the deformed shape of the
canopy calculated by MAGNA. The small circles represent data reduced from
high speed film records of the actual test.

The r£3u}ts illustrated are similar to those of earlier linear studies
performed, ’ The computed deflections are much smaller than those observed
during the test. One of the reasons for such poor correlation is that the
simulation was not a large deflection analysis, It can be seen from the
experimental data that a very large depression formed in the canopy during
the test and moved aft over the structuvre. The linear analysis results also ~.
show the formation of a depression (of iuch less depth) which travels afe, :
but the speed of propagation is too high. At 10,4 ms, the linear deformation
has already reached the aft edge of the transparency and has been reflected
as an outward displaced wave while the experimentally observed depression has
only begun to travel slowly aft,
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Nonlinear, Uncoupled Analysis

Next a nonlinear (large deflection) analysis of the same bird impact
test was accomplished with MAGNA, Much anticipation accompanied this
analysis because it was the first nonlinear dynamic analysis of bird impact
on the aircraft transparency with MAGNA. 1t was hoped that taking into - -
account the effects of large deflections would prove to be all that was ’
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required in order to realistically simulate the test results, The uncoupled
description of the loads was used again as for the linear analysis. Figure
3 shows the results obtaired. The format is the same as for Figure 2.

F1GURE 2. Canopy Ceunterline Deflection, Linear Uncoupled Analysis
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It is apparent that the effects of large deflections are indeed very
significant for this problem. The displacements computed bv MAGNA are much
larger than those from the linear analysis, but something 1is still wrong.
The displacements computed at early times (2.4 ms) are too great and those
computed at later times are too small. Even though a relatively large
depression in the canopy is predicted by MAGNA, it doesn't travel aft over
the canopy at all,

The conclusion drawn from these results was that even though the effects
of large deflections are important, some very significant aspect of the
problem had apparently been overlooked in the analysis. Simi]arlq
disappointing results have been reported by other investigators. ~

Nonlinear Coupled Analysis

The aspect of the nonlinear uncoupled analysis which was most highly
suspect as the cause of the poor correlation seen in Figure 3 was the
assumption made that the canopv did not deflect during the impact event. To
cxamine the velidity of thie rigid target assumption, high speed film records
of the actual bird impact test were studied.




FIGURE 3. Canopy Centerline Deflection, Nonlinear Uncounled Analysis
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The area over which the bird impact loads actually acted was estimated
from a scuff mark left on the canopy after impact which was visible in the
test film, It was cbvious from the film that the surface area nof the canopy e
N loaded by the bird is very sensitive to deflection of the canopy during i .*:~;1
y impact. The size of the actual footprint was many times that for the rigid —a
l target case. i “*‘——*i
.

Next, an estimate of the actual period of impact was obtained from the
film records. The film from a camera which had been placed inside the canopy
during the test showed plainly the time at which the bird material stopped

i sliding over the surface and ceased to make contact with the canopy. The ° ‘

- film estimate of the period was 8.5 ms compared to 2,3 ms for the rigid S oo

: target case, so again the effect of canapy deflection durirg impact was very N
pronounced, K

From the analysis of the test film, a second definitior of bird impact R
i loading was derived. This definition will be referred to from here on as °
" "coupled loading" because it takes into account some of the effects of taraet )
N deflection during impact.

R Figure 4 shows the results of repeating the MAGNA nonlinear analysis but
i with the coupled description of loading, i.e., with the more realistic e
E footprint area, and impact period. The results are dramatically improved over P
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FIGURE 4. Cznor, e¢nterline Deflection, Nonlinear Coupled Analysis
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those from the nonlinear uncoupled simulation. The deflections grow slowly
at early .imes as in the actual test - a result of the lower average impact
force. The deflectione at late times are larger - a result of the longer
impact period. The size and shape of the depression in the canopy are
realistic at all times. The motion of the depression aft over the canopy is
very similar t» that observed during the actual test,
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In general, correlation with the data is excellent for the coupled case
especially in view of the coarseness with which impact loads were defined,
i Apparently, the most significant aspect of this problem is the strong
| coupling which exists between the impact loads and the response of the
‘ canopy. The response 18 very sensitive to the loads and vice versa.

It is important to note at this point that a priori knowledge of test
results was required before realistic simulation of the full scale test
became possible. High speed film of the test was used to define impact load
parameters for use in the MAGNA analvsis. This means that in accouwplishing
the solution to one problem, another has been uncovered, A computer program,
MAGNA, has been developed which is technically capable of realistically
sinulating the severely nonlinear response of a tactical aircraft canopy to
bird impact. This is the solution to the birdstrike analvsis problem which
the Flight Dynamics Laboratory has heen seeking since 1975. BRut it has been
learned in the process that the capability to accurately define bird loading
on flexible transparencies for use in MAGNA analyses is lackiug. The loads
depend so strongly upon the response of the canopy that estimates of the
loads made without a priori knowledge of the response (uncoupled description
of the loads) produce completely unrealistic results (Figure 3). This
defeats the use of the computer program as a transparency design tool.

Two new investigations are suggested by the results just discussed. Ome
is a work effort to perform more correlation studies with MAGNA but for
other, less flexibtle aircraft transparencies in hopes cf finding some for
which the effects of coupling may safﬁly be ignored. Some work along these
lines has already been accomplished. This work helps define the range of
target response over which an uncoupled or rigid target description of loads
remains valid. In general, it has been determined that an uncoupled or rigid
target description of loads remains valid for any monolithic or laminated
glass transparency design bec?Bse of the relatively small deflections
exhibited during bird impact.

The second investigation which is warranted in the light of results
presented here is one to develop the capability to ac:ount for the effects of
load-response coupling during a MAGNA bird impact analysis. This capability
would be internal to MAGNA and transparent to the user, It would require
only the definjition of some initial parameters related to the impact event
such as bird mass, bird velocity, and impact point. The internal workings of
the finite element solution would then compute, step by step, the appropriate
bird impact loading based on the instantaneous state of the transparency
structure as it deforms in response to impact loads. If such a capability
can be realized, then this tool should prove valuable in the design of all S
new bird-resistant transparencies. A contractual program currently in ST Ty
progress is intended to provide this capability in 1984, . ®

Since the aircraft transparency birdstrike problem requires large
deflection analysis and since the case treated in this paper involves the
"ar st deflections ever observed during Air Force full scale bird impact
test.ng, it may be stated that MAGNA is ready for use in post-test analysis .
for all types of aircraft transparencies. 1t may also be used at the present . .9
time in the design of those new bird-resistant transparencies for which the o
effects of load-response coupling may safely be ignored. (An Interim mechod
of handling moderate coupling has also been developed™ '.)
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CONCLUDING REMARKS

The MAGNA computer program is technicslly capable of realistically
simulating nonlinear dynamic structural rvesponsze of aircraft transparencies
to bird impact loadirg.

Tt {t not yet possible to accurately define a priori the loads rvesulting
from bird impact on very flexible alrcruft transparencies, This is true
bacause the magnitude of the loads as well as the surface area and period of
time over which they act depend strongly on the dynamic response of the
transparency. That 3s to =ay, for very flerlble aircraft transparencies, the
bi.d impect loads are strongly coupled to the dynamic response of the
transparency.,

MAGNA i3 ready for use as a post-bird-impact-test analysis tool for all
types of transparencies and even as a design tool for new, relatively stiff
transparencies, 1.,e,, transparencies for which the effects of load-response
coupling may safely be ignored or are only moderate,

It and wheu the capability to directly account for the effects of
load-~response coupling is implemented in MAGNA, it will provide valuable
service as a design and analysis tool for all types of bird-resistant
aircraft fransparencles, Significant savings in cost and time will be
realiced with such an analysis tool.

Use of MAGNA is not limited to aircraft transparency birdstrike analysis
but may be extended to the analysis of any problem involving the linear or
nonlinear response of a structure subject to static or transient loads. In
the particular area of aircraft transparency design, it may be used to
analyze the effects of cockpit pressure loads, in-flight aerodynamic pressure
loads, runway or in-flight temperatures, or supersonic aerodynamic heating
loads.
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BIRD IMPACT EVALUATION OF THE F/RF-4 TRANSPARENCY SYSTEM

Lt Robert Simmons¥
Flight Dvnamics Laboratory
Wright-Patterson Air Force Base

G. J. Stenger*x*
University of Dayton Research Institute

ABSTRACT

Birdstrikes to the crew cnclosures of USAF F/RF-4 aircraft have resulted
in major aircraft damages coupled with severe fatal pilot injuries. Analysis
of operational bird impact statistical data indicates that the trend of
damaging hird impacts of the F-4 is continuing to rise. Impacts to the F-4
transparency svstem also continue to rise resulting in a continued flight
safety risk to the aircraft and the aircrew. The Air Force Wright Acronau-
tical Laboratories, Improved Windshield Protection Office has initiated a
program to develop a transparency system for the F-4 ailrcratt which has four
pound, 500 knot bird impact capability. The tirst step in this program was to
experimentally determine the existing transparency system capability by bird
impact testing full scale flight hardware. Fight impact locations on the
windshield and forward canopy were tested to faillure with four pound birds.
Tests on experimental, laminated windshield side panels were also conducted to
investigate the capability of the windshield frame. The baseline birdstrike
test results are presented through the use of post test photographs and an
impact capability diagram,

INTRODUCTION

Due to the advancement in radar detection techniques as well as the
development and increased use of terrain following instrumentation, an in-
creased amount of high-speed flight time is performed at altitudes below 10,
000 feet, Many air force high~specd aircraft transparency systems were not
designed to meet the increased bird impact risk associated with this phase of
the flight operation. The F/RF-4, Figure 1, is but one example of an aircraft
which was not designed with a transparency system capable of surviving the
bird impact event. Analysis of birdstrike statistical data obtained from the
Alr Force Inspection and Safety Center at Norton AFB, California shows that
during the period January 1971 to March 1981, 30 of the 68 reported
birdstrikes against the transparency resulted in penetration into the crew
compartment. Assoclated with these penetrations were 12 injuries (some
permanently disabling) to aircrew personnel, loss of one aircraft, and one
pilot fatality. Recent birdstrike data continues to show an increase in the
number of impacts and, without significant changes in the mission requirements
that have resulted in this increasing birdstrike rate, an even larger number
of damaging birdstrikes may be expected for the F/RF-4 aircraft in the future.

*Program Manager, Air Force Wright Aeronautical Laboratories, Vehicle Equip-
ment Division
**Asgociate Research Engineer, Aerospace Mechanics Division
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to a windshield birdstrike in November 1980, the Improved Windshield Pro-

BACKGROUNL /OBJECTIVE
As a result of the loss of a USAF F-4E alrcraft and a pilot fatality due

tection Program Office was directed to develop an improved bird impact resis-
tant transparency system for the F/RF-4 aircraft, The initial phase of this

program included an experimental test series which was conducted to determine
the baseline bird impact capability of the current F/RF-4 transparency system.

The primary objective of this bird impact test program, conducted during
the periods August-Octcber 1982 and February 1983 was to determine the minimum
hird penetration velocity as a function of birdstrike location for the
vindshield and forward canopy. Secondary objectives of the test program were
to: (1) collect sufficient data (photographic, strain, and accelerometer) to
support the subsequent transparency system redesign effort; and (2) to inves-
tigate the capability of the windshield support structure tc absorb (and
transfer into the fuselage) the energies associated with the bird impact
event.

EXPERIMENTAL PROCEDURE

The bird impact testing of the F/RF-4 transparency system was accom-
plished at Range $-3 of the von Karman Gas Dynamics Facility of the Air Force
System Command's Arnold Engineering Development Center. Figure 2 shows the
test area arrangement. Capabilities of th S-3 Range are continued in
Reference 1. The basic procedure emplcyed in testing in the S-3 Range
consists of launching bird carcasses at specified velocities (using an
air-driven launcher) into predetermined impact locations on a test article,
For the F-4 baseline tests, six impact locations on the windshield and forward
canopy were investigated with the fuselage aligned at 0° pitch and 0° yaw
relative to the launch path., Side impact tests were conducted at one location
on the windshield side panel and one on the forward canopy with the fuselage
yawed at 15° relative to the launch path,

Test Fixture/Test Articles

To more closely simulate the actual bird impact response of the transpar-
ency and to get realistic load transfer, an F-4 forward fuselage section was
used as the test fixture (see Figure 3). All transparencies and related
hardware were actual aircraft structures removed from aircraft in storage at
the Military Aircraft Storage and Disposition Center at Davis~Monthan AFB,
Arizona. Test articles consisted of the forward windshield assembly (two
plexiglass side panels, laminated glass center panel, and supporting struc-
ture) and the forward canopy assembliy. The cross-section of each transparency
component is shown in Figure 4.

The windshield frame capability was determine by utilizing laminated side
panels which were designed, developed, built, and donated by Goodyear Aero-
sp..ce Corporation, Litchfield Park, Arizona. The laminated panel cross-
section may be seen in Figure 5. When a transparency failed in a test, it was
removed from the frame, the frame was inspected, and if no structural damage
had occurred, another transparency was mounted in place.
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Projectiles and Sabots

Projectiles launched during this test program were nominally four-pound
chicken carcasses. The birds were asphyxiated, quick-frozen, and stored at
0°F until needed. Prior to testing, the carcass was thawed in still air at
room temperature (75°F) for approximately 24 hours or until the body cavity
temperature was 70 :10°F. Adjustments to the bird carcass weights were
required to achieve the desired weight within 20,1 pound. These adjustments
wore accomplishted by clipping carcass appendages or injecting water into the
body cavity. In no case did the adjustment exceed 10 percent of the bird
weight.

The packaged bird was mated to the launch tube using a one-piece sabot yf
balsa wood construction. The sabot materials density was nominally 10 1b/f¢
providing a sabot weight of 1.7 1b and a total launch weight of 5.7 1b.
Separation of the bird and sabot after launch was accomplished with the use of
the tapered and threaded cylindrical sabot stripping section attached directly
to the vent section of the launch tube (Figure 2). As the launch package
entered the stripper section, the sabot velocity was gradually decreased by
the shearing of thin layers of sabot material, permitting the bird to exit in
free-flight,

Instrumentation

Instrumentation for this scries of tests was primarily designed to
collect data for use with analytical transparency analysis tools. Four to
five high-speed movie cameras were used to record the impact event. The
cameras were situated in such a manner as to gain an overall perspective of
the impact point (Figure 6). In addition to the high-speed cameras, still
photographic coverage was used to record pre- and post-test conditions,

A total of 20 strain gages were monitored during each impact. These
gages were located in such a manner as to record the load characteristics of
the transparency support structure during impact.

Two accelerometers were used to monitor the motion of the frame during
bird impact. X-ray shadowgraphs were used to moritor the bird position and
orientation prior to the impact (Figure 2). They were also used to verify the
impact velocity.

Test area temperature was measured by two thermcouples positioned near
the test transparencies.

Impact Location/Impact Velocities

The eight impact locations used may be seen in Figure 7. These locations
were chosen through the use of an angle of incidence study and represent areas
where the maximum energy could be transferred from the traveling bird to the
stationary structure., At least two impact locations on each transparency
system componenk weve investigated so that a2 capability map could be deveioped
for the entire system. Impacts at locations "A" through "G" were made with
the fuselage section aligned at 0° pitch and 0° yaw relative to the launcher
flight path. Impact locations "H" and "I1" were chosen to investigate the
transparency capability in the sill area. Impacts at these two locations were
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made with the fuselage yawed at a 15° (clockwise) angle so that sufficient
bird contact could be made with the test article.

The initial impact velocity was slightly below the expected failure
“velocity. Failure velocities were analytically determined at- each impact
location by employing the prediction methods found in Reference 2. Succeeding
impact velocities were increased until transparency failure at that location
occurred. The failure velocity range could. then be bracketed between the
“highest velocity at which failure had not occurred and the velocity at which : :
failure had occurred. T

TEST RESULTS " A

The baseline birdstrike capability for the F/RF-4 transparency system was o

defined with a total of 25 bird impacts at eight locations on the transparency . 9

- system, The results of these tests have been summarized in r capability IR
diagram as shown in Figure 8. This diagram presents the four-pound bird oA T
impact capability of the existing windshield system with the fuseclage oriented SR
at 0° pitch and 0° yaw. This diagram is based on the actual test data with
the areas being defined efter conridering the reccrded post-test ubservationms,
the high-speed movies, the strain data, the impact angle of ‘ncldence, and the e
proximity to the edge attachment. The values represent an apprd«imate thresh- - ‘
old of failure velocity (in knots) for various areas on the windshield and
canopy.

Windshield Side Panel

The most critical impact location was on the forward area of the
0.38-inch thick stretched acrylic windshield side panel, impact point "A."
The impact angle of incidence was 27 degrees at the target point. Impact
point "A" was initially impacted with a four-pound bird at 190 knots which
resulted in no damage. A subsequent shot at 200 knots resulted in about half
of the four-pound bird penetrating the transparency (see Figure 9). The
transparency frame was not damaged.

The aft area of the windshield side panel was tested at location'B'" and
was found to have a failure threshold of 210 knots. The small increase was
due to the reduced angle of incidence: 2] degress.

Windshield Center Panel

The 1.2-inch-thick laminated glass windshield center panel demonstrated
the highest capability of any part of the current transparency system. A
four-pound, 300 knot shot on the forward end of the glass center panel (lo- e
cation"D") resulted in a substantial amount of glass spalling off the inside N
surface; however, no bird penetrated. A shot .t 375 knots at location "D"
resulted in the failure of the glass center panel. This test was classified a e
failure because much of tiie lower half of the transparency spalled into the SO
cockpit, and the pilot would have been facing a considerable wind blast even S el
though no bird actually penetrated (see Figure 10). LT

A four-pound, 375 knot shot was made on the aft end of the windshield
center panel at location''C" and resulted in a small amount of the bird pene-
trating the windshield and canopy frames. Some glass was spalled into the
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cockpit; however, neither the glass nor the bird would have posed a serious
threat to the pilot, and this test was classified a pass.

A 450 knot shot at location ''C" resulted in a substantial amount of o o
spzlled glass. In addition, the center panel was pushed down, buckling the
windshield arch supports, and the bird impacted the forward frame of the
forward canopy. This failed the canopy frame and transparency, resulting in
several large pieces of spalled acrylic as shown in Figure 11. This test was s
clasgsified a failure because of the potential injury to the pilot. e et

One shot was made at 300 knots on the sheet metal panel forward of the
windshield center panel. Some bird penetrated the structure and the capabil-
ity was estimated to be 250 knots.,

Forvard Canopy o

The 0.30-inch thick stretched acrylic canopy was impacted seven times at
three locations ("F," "G," and "1"). The demonstrated capabilities were 240
knots at location"F," 220 knots at location"G," and 230 knots at location'"I."
A 300 knot area was added in the capability diagram to reflect the decreased RS
angle of incidence. No damage to the frame or support structure was found in e
any of the tests. The transparency, when failed, spalled several large pieces ?-:*’.;f
of acrylic (estimated at over 8 sq. in,), in addition to many small pieces. e
This spalled acrylic could cause serious injury to the pilot, Also, the pilot
would be subject to considerable wind blast and buffeting through the large
holes left in the transparency (Figure 12).

Windshield Frame

The capability of the F-4 production frame was determined by utilizing
laminated panels formed in the F-4 side panel shape. The panels were mounted
in the framework using aircraft grade bolts, Five impacts were made on the o
windshield structure with the laminated panels instalied, one at location "A" ot
and four at location "B." The impact at location A and the first impact at f*f‘lrﬁ:
location "B" were performed at 450 knots with catastrophic failure of the S
frame occurring in both Instances. The impact point "B" failure resulted in
parts of the windshield arch entering the forward cockpit, pusing a signifi-
cant hazard to the pilot (Figure 13). For this reason, it was determined to
perform additional tests at location "B," The three subsequent tests at e
locarion "B" resulted in a frame failure at a velocity of 375 knots. Failure N
at this velocity could have been predicted from a plot of the strain data SRR
taken at gage location GL4 (closest gage to the failure point) and the impact
velocity (Figure 14), Note how rapidly the stress rises with velocity in this
particular loading situation; the magnitude of the loads in the structure
appear to be extremely sensitive to velocity in the 350~to-375 knot range.
Frame baseline capability was accepted as 375 knots. - . ¢ -

CONCLUSIONS

The F/RF-4 transparency birdstrike tests have cstablished the existing
capability of the transparency system and have generated a useful data base
for designing and evaluating various bird impact resistant designs. In~field ---_"lﬂr
service has demonstrated the need for improved birdstrike protection and these e
teasts confirm this need.
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The data generated from these tests show that the acrylic side panels and
, forward canopy must be replaced with bird resistant designs which will provide
the degrec of protection required. Also, the tests indicated that a new or
l reinforced windshield frame is required.

A program currently undcr way will evaluate several alternative bird
impact resistant transparency system designs. The result will be an afford-
' able transparency system which will protect the F/RF-4 crew during high speed,
i ‘low level flight.
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Figure 1. F/RF-4 Aircraft.

Figure 2. AEDC Test Area Arrangement.
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Figure 4. Cross-Sections of Production Transparency System.
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Figure 7.

Impact Locations.

Figure 8. Bird Impact Capability Diagram.
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Figure 9. Post Test Damage, 200 Knot Side Panel Impact.

Figure 10. 375-Knot Impact Low on Center Panel.




Figure 12. 270-Knot Impact, Centerline of Forward Canopy.
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MICROSCOPIC IDENTIFICATION OF FEATHERS
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Asim\c'r

l \‘!In the period 1960-1983, 1132 bird remains resulting from collisions
with aircraft were sent to the Zoological Museum Amsterdam. Before 1978,
these remains were identified macroscopically by comparing them with
feathers from bird skins. During this period the results strongly depended
on the skill of the examiner and on the condition of the feather remains.
On average, 26, mostly large remains, were sent annually to the museum, of

which 80% could be recognized. The remains received represented roughly 30% - s
i of the total number of reported birdstrikes. Thus birdstrike statistics R
s could be easily biased by over-representation of nearly complete bird Ry
; corpses. In order to improve the existing identification method, a micro- ISR

scopic key to the determination of feather remains was developed, and used BRI
. in combination with macroscopic methods from 1278 on. From 1976, airfield B
i' personnel were convinced of the importance of collecting even the smallest
- bird remains in and on aircraft. Consequently, the total number of remains
sent to the museum strongly increased to some 110 per year. Identification
results from 1960-1977 are compared with those from 1978-1983, and the
effect cf the introduction of the microscopic key on birdstrike statistics
is discussed.
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Feather remains from collisions between birds and aircraft can in the L
best cases be identified tc species, and even sometimes to the age and sex ® R
- of the bird involved. Determination at this level gives an indication of the C
weight of the bjird, an important issue in birdstrike analysis. Furthermore,
Ffi the identification presents information on which to base a biological bird
L control method. For these reasons, proper identification of feathers is
~ essential.

In the late 1950s, when the Royal Netherlands Aixr Force (RNLAF) was
confronted with some 90 birdstrikes in 4 years, the importance of species
recognition after collisions became evident. Since 1960, bird remains
e resulting from strikes with Dutch military aircraft were sent to the
. Zoological Museum Aagterdam (2MA}) for investigation. Such museums with large
b skin collections are invaluable in aiding in the identification of feather
remains. In later years, feathers were occasionally identified for civil
organizations too.
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The standard procedure was as follows. Feathers or feather remains were
examined on shape and structure in order to establish whether they were wing,
tail, or body feathers. Then they were compared with bird skins in the
museum collection on colour and size. In this way, tracing the bird species
involved is rather time consuming and the results of this macroscopic method
strongly depend on the skill of the examiner and on the presence of charac-
teristic feathers in the sample. Some birdstrikes leave the investigator
with more or less intact birds or with a number of easily recognizable
feathers, whereas in othe) cases the remains consist of totally destroyed
feathers or a mere smear of blood. As a consequence, the frequency distri-
bution of hidden species will be easily biased by the nearly complete bird S
corpses that can be recognized quickly. These largely intact remains are ,j;ﬁ},'”
generally found after collisions at the runway and not after “en route" T
collisions.

RNLAF initiated a study to improve the only existing microscopic identi~ "".
ficaticn key of feather remains (Day, 1966). This work resulted in a far more R
extensive and fully modified key (Brom, 1980). During the 14th Meeting of : |
the Bird Strike Committee Europe in The Hague, Brom & Buurma (1979) reported - .
on this identification method and its application to miniscule bird remains
found in engines and on airframes. Further, the consequences of the results
from the improved identification rate for RNLAF birdstrike statistics have ,..
been preliminarily discussed (Buurma & Brom, 1979). K

The quality as well as the quantity of identifications increased sig-
nificantly during the last 6 years on account of three reasons:
1) the intrcduction of the microscopic analysis as the first step of identi-
fication in difficult cases; ®
2) the improvement of the general reporting standard: bird control units IR
pursueing pilots and crewchiefs for data and remains (Buurma, 1977); RS
3) the skipping of all identifications by unauthorized persons because of the
high percentage of obvious uncertain data.

The effect of the first two points can be visualized by comparing the
identification results in the period 1960-1977 with those from 1978~1983. In
order to make a fair comparison, all remains, identified by several staff R
members of ZMA prior to 1978, were checked (macroscopically) by the auther RRTA
(all material is still preserved at 2ZMA), but corrections had to be made in S
only very few cases.

MICROSCOPIC KEY

In the microscopic key features are used that are found at the most :
i basal and downy portion of a feather (fig. 1). wWhen making preparaticns, ,V~!
only this part is taken. The downy barbs are cut off close to the shaft of :
. the feather and are sandwiched between an object-glass and a cover-slip,
: which are glued together along the edges. When feather remains are very
. dirty or greasy they are agitated in a container of warm water to which a
liguid soap or detergent has been added. After being washed, the feathers

i are rinsed and then dipped in alcochol fur a few seconds to speed drying. uigrn‘_
. Dirty or twisted feathers can usually be restored to their original shape '
by this procedure.
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The. downy barbules consist of a base and a pennulum, and it is here

that we find the features on which many groups or even species of birds

can

be distinguished.

FIGURE 1. 3ody feather of the Buzzard Buieo Putco showing the most basal

The
1)

2)

3)
4)

up

and downy portion.

following characters can be used:
The borders af the cells by which pennulaec are formed may be enlarged or
show prongs. On lower magnification, the barbules are clearly subdivided
into nodes and internodes in this way. Pigmented nodes v